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THE R. D. WOOD HYDRANT 


The R. D. Wood Hydrant is simple in 
design, yet offers all the features needed 
for the utmost reliability. Your community 
would have to look a long time before it 
would find another hydrant so serviceable 


and rugged. For full neighborhood protec- 
tion at minimum outlay, look first at 
R. D. Wood Hydrants. 


BRONZE PARTS 

Every point of friction is protected by at. 
least one bronze surface. This assures against: 
rust and interference with operation. The— 
stuffing box, gland and operating nut are 
all bronze—corrosion-proot! 


AND THESE FEATURES, TOO: 

Valve opens against water pressure 
remains closed in case of accident. 
Head revolves 360°. Optional break- 
point flange and breakable stem 
coupling permit quick repair with- 
out excavating. Optional extension 
piece can be inserted without shut- 
ting off water. Available with bell, 
mechanical joint or flange pipe con- 
nections; conventional or “O” ring 
packings. 


Conform to latest AWWA specifications 


COMPANY 


Public Ledger B 


Manufacturers also of Mathews Modernized Hydrants, Mathews Flange Barrel 
Hydrants, R. D. Wood Gate Valves, and “Sand-Spun” Pipe (centrifugally cast 
in sand molds) 
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WATER AND SANITATION FACILITIES 
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Growth of U.S. Population in Millions: 


1900—75; 1950—150; 1990—300 (Estimated) 


And proportionate demands on water and sanitary facilities are 
increasing even more rapidly because of industry’s ever-growing need 
for water supply and waste disposal. 

Over the past half century Lock Joint Pipe Company has helped keep 
pace with the requirements of a doubling population by supplying 
millions of feet of concrete pipe for vital water and sewer lines. Virtually 
100% of these are still in service and are operating with the same high 
efficiency as the day they were installed. 

This unexcelled record for economy, efficiency and safety certainly 
recommends Lock Joint Concrete Pressure and 
Sewer Pipe as the ideal material to implement the 
long range plans of water and sanitation officials 
to meet the growing crisis. 


> 
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_ @ LOCK JOINT PIPE CO. 
East Orange, New Jersey 


Sales Offices: Chicago, Ill. *» Columbia, S.C. * Denver, Col. 
Detroit, Mich. + Hartford, Conn. * Kansas City, Mo. » Perryman, Md. + St. Paul, Minn. 
Pressure Water Sewer REINFORCED CONCRETE PIPE Culvert Subaqueous 
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CUT FEEDING TIME... er 


PREVENT 


RUNAWAY DOSAGES! 


aa 


‘toll 


Pes 


Totally-enclosed feeders promote good 


housekeeping, increase efficiency! 


Feeder Combines Pinpoint Accuracy, Ease of Operation .. . 
Adapts to R te or Aut tic Control! 


Feed powdered, granular or lump material at insured accuracies 
within + 1% by weight over widest range . . . easily, conveniently, 
under dust-free operating conditions. Totally-enclosed Model 30 
Loss-in-Weight feeder looks modern, is modern! Non-flood feeding 
mechanism prevents runaway dosages. Sentinel alarms prevent feed 
deviations. Time-saving design eliminates need for calibration, 
timing, or catching samples to determine feed rate. No special 


training of operator required 


‘ee 


industries 


@ 


PROVIDENCE PROPORTIONEERS + OMEGA 


METERS * FEEDERS + CONTROLS / CONTINUOUS PROCESS ENGINEERING 


Request Bulletin 30-H12A for complete details. Write 
B-I-F Industries, Inc., 365 Harris Ave., Providence 1, R. I. 
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COMING MEETINGS 


Vol. 52, No.2 


> 


AWWA ANNUAL CONFERENCE 


Bal Harbour, Fla. 


See January issue of Willing Water for preliminary program. 


May 15-20, 1960 


AWWA SECTIONS 
Winter-Spring 1960 


Illinois Section, at 
Pick-Congress Hotel, Chicago. Secre- 
tary, D. W. Johnson, Research Engr., 
Cast Iron Pipe Research Assn., 3440 
Prudential Plaza, Chicago 1. 


Mar. 17—New England Section, at 
Statler Hotel, Boston, Mass. Secre- 
tary, R. M. Soule, Assoc. San. Engr., 
State Dept. of Public Health, 511 State 
House, Boston, Mass. 


Mar. 20-23—Southeastern Section, 
at De Soto Hotel, Savannah, Ga. Sec- 
retary, N. M. de Jarnette, Iengr., Wa- 
ter Quality Div., State Dept. of Public 
Health, 309 State Office Bldg., Atlanta, 
Ga. 


Mar. 24-25-—West Virginia Section, 
at Hotel Pritchard (tentative), Hunt 
ington. Secretary, H. W. Hetzer, 
Engr., Union Carbide Chemical Co., 
Box 8361, South Charleston. 


Apr. 5-7--New York Section, at 
New York Sheraton Inn, Binghamton. 
Secretary, Kimball Blanchard, New 


York Branch Sales Office, Neptune 
Meter Co., 2222 Jackson Ave., Long 


Island City. 


Apr. 20-22—Nebraska Section, at 
Cornhusker Hotel, Lincoln. Secretary, 
J. J. Rossbach Jr., Civ. Engr., Metro- 


politan Utilities Dist., 3906 N. 48th 
St., Omaha. 


Apr. 20-22—Kansas_ Section, at 
Broadview Hotel, Emporia. Secretary, 
H. W. Badley, Repr., Neptune Meter 
Co., 119 W. Cloud, Salina. 


Apr. 22—California Section, at 
Mark Thomas Inn, Monterey. Secre- 
tary, R. E. Dodson Jr., Supt. of Water 
Dept. of Utilities, Balboa Park, San 


Diego. 


Apr. 24-27—-Canadian Section, at 
Statler Hotel, Buffalo, N.Y. Secre- 
tary, A. E. Berry, 72 Grenville St. 
Toronto, Ont. 


Apr. 28-30—Arizona Section, at 
Pioneer Hotel, Tucson. Secretary, 
A. D. Cox Jr., Secy. & Comptroller, 
Arizona Water Co., Box 5347, Phoe- 
nix. 


(Continued on page 8) _ 
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Optional break flange 
gives double protection 
against impact damage 


NEW SAFETY FLANGE 


NEW SAFETY COUPLING 


improved... 
streamlined... 
modernized...the 


EDDY Hydrant 


has ALL these features... 


% Optional ground line break flange 

% Large diameter barrel for increased flow 

% O-ring or standard packing 

% New self-sealing rubber ring main valve packing a: 
% No lubrication required for fast, easy opening 

% Opens with the pressure—for instantaneous flow 


% Closes against the pressure—eliminates water hammer 


The Eppy Hydrant...improved... 
streamlined...modernized...retains all 
the basic advantages that have made a= 
these hydrants outstanding for four gen- 
erations. Yet, it has important new 
advanced design features which pro- 
vide the utmost in efficient, dependable, 
longlife fire protection service. 

These new important advantages are 
provided without sacrificing interchange- 
ability of working parts with EDDY hy- 
drants now in service. Now, more than 
ever, EDDY offers maximum fire protec- 
tion, economical maintenance and assur- 
ance against future obsolescence in your 
fire-fighting system. 


Before buying or specifying hydrants, 
be sure you know how these advantages 
may benefit your community. 


NEW YORK 


EDD Yvawwecompany WATERFORD 
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Coming Meetings 


Apr. 28-30—-Montana Section, at 
Northern Hotel, Billings. Secretary, 
A. W. Clarkson, Asst. Director, Div. 
of Environmental Sanitation, State 
Board of Health, Helena. 


May 4-6—Pacific Northwest Sec- 
tion, at Benson Hotel, Portland, Ore. 
Secretary, F. D. Jones, W. 2108 Max- 
well Ave., Spokane 11, Wash. 


Jun. 14-17-——-Pennsylvania Section, 
at Hilton Hotel, Pittsburgh. Secre- 
tary, L. S. Morgan, 413 First National 
tank Bldg., Greensburg. 


Fall 1960 


Sep. 12-14—Kentucky-Tennessee 
Knoxville, Tenn. 


Sec.., 


Sep. 14-16—Virginia Sec., Virginia 
Beach. 

Sep. 14-16—-New York Sec., Whiteface. 

Sep. 21-23—Michigan 
City. 

Sep. 21-23 
Falls, S.D. 

25-27—Missouri Sec.. 
City. 

Sep. 28-30 


Sec., Traverse 


North Central Sec., Sioux 


Sep. Jefferson 

Wisconsin Sec., Madison. 

Oct. 9-12—-Alabama-Mississippi Sec., 
Birmingham, Ala. 

Oct, 16-19—Southwest Sec., Galveston, 
Tex. 

Oct. 19-21—Iowa Sec., Des Moines. 

Oct. 19-21—Chesapeake Sec., Washing 
ton, D.C. 

Oct. 20-22—New Jersey Sec., Atlantic 
City. 

Oct. 23-26—Rocky Mountain Sec., Colo- 
rado Springs, Colo. 

Oct. 24-27—California Sec., Long Beach. 

Oct. 26-28—Ohio Sec., Columbus. 

Nov, 9-11—North Carolina Sec., Win- 
ston-Salem. 


(Continued from page 6) 


OTHER ORGANIZATIONS 


Feb. 14-18—American Institute of Min- 
ing, Metallurgical & Petroleum Engi- 
neers, Hotel Statler, New York, N.Y. 


Mar. 14—-18—National Assn. of Corrosion 
Engineers Annual Convention, Me- 
morial Auditorium, Dallas, Tex. 


Mar. 16-18—-23rd Short Course for Su- 
perintendents and Operators of Water 
and Sewerage Systems, Louisiana State 
University, Baton Rouge, La. Write: 
Fred H. Fenn, Dean, College of Engi- 
neering, at the university. 


Apr. 3-8—6th Nuclear Congress, Coli- 
seum, New York, N.Y., sponsored by 
EJC and other engineering and sci- 
entific societies. including AWWA. 


Apr. 27-29—Conference on Algae and 
Metropolitan Wastes, R. A. Taft Sani- 
tarv Engineering Center, Cincinnati, 
Ohio. Write: A. F. Bartsch, Asst. 
Chief for Special Technical Services, 
Water Supply & Water Pollution Re- 
search, 4676 Columbia Pkwy., Cincin- 
nati 26, Ohio. 


May 9-13—2nd Southwestern Metal Ex- 
position & Congress, American Society 
for Metals, with other technical groups, 
State Fair Park & Sheraton Hotel, 
Dallas, Tex. Write: Allan Ray Put- 
nam, Managing Director, Metals Park, 
Novelty, Ohio. 


Jun. 1-3—5th Appalachian Underground 
Corrosion Short Course, West Vir- 
ginia University, Morgantown, W.Va. 
Write: John H. Alm, Rm. 605, 2 


Gateway Center, Pittsburgh 22, Pa. 


Jun. 8-11—National Society of Profes- 
sional Engineers, Statler Hotel, Boston, 
Mass. 


Jun. 20-24—Summer general meeting, 


AIEE, Atlantic City, N.J 


Jun. 26-Jul. 1—ASTM, Chalfonte- 
Haddon Hall, Atlantic City, N.J. 


® 


: 
| 
| 
| 
- 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| | 
| 
F 
é | 
| 
| | 
| 
| 
| 
| 
| 
| 
q 
‘ | 
= 
| | : 
| 
| 


ALLIED CHEMICALS HOTLINE ENAMEL 


defies 180°F. heat without sliding and —10°F. cold without cracking 


2. Hot ga 


where line 


Allied Chemical Hotline Enamel’s resistance to both high 
and low temperatures, as well as its greater durability, con 
pared to asphalt base and other coatings, has been proved 
by laboratory tests, and on-the-job performance for 
leading public utility companies. Allied Chemical Hotline 
Enamel is derived from coal-tar pitch, thus possessing 
inherent protective properties against the damaging 
effects of water, soil chemicals and electrical currents. 


improves protection under these specific conditions: 
1. On pipe-type cables or “‘oil-o-static lines’’ which are subject 
to internal electrical heat from high-voltage surges. 


PLASTICS AND COAL CHEMICALS DIVISION 


pipelines, on discharge side 
120°F 

3. Warm, swampy areas or other places where excessive soil 
tress is encountered 


compressor stations 


above 


4. Areas where backfill and trenches art rough, rocky or contain 
objects which normally penetrate softer coatings. 

5. Pipelines ‘such as heated fuel lines) where temperatures are 
constantly high most of the time, but do not exceed 180°F. or 
200°F. for short term exposure. 

*Though we've changed the name from Barrett Protective 
Coatings to Allied Chemical, yo i I f; 
protection —pipeline coatings | 

three generations. 


llied 
hemical 


40 Rector Street, New York 6, N.Y. 
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Only with 
ORANGEBURG 
SP Plastic Pipe 


can you offer 


"Ses 


What elling plus! And what a wonderful way to be sure isfied « 
tomers! Point out you use slit-proof Orangeburg SP—the only plastic pipe 
Guaranteed and Bonded for 20 years for cold water service. Under terms of 
the Bond, repairs or replacements (INCLUDING LABOR COSTS) due to failure 
of the pipe will be made at Orangeburg’s expense. The Bond will be made 
out in your customer’s name; for him to keep. After your SP installation 
is completed simply mail “Request for Bond” Form to Orangeburg. After 
approval, Bond will be sent direct to your customer. Why not take advan- 
tage of this amazing Bond offer on your next job. See your Authorized 
Orangeburg Wholesaler or write Dept. JA-20 
Approved for drinking water by National Sanitation Foundation t™ 
® FLINTKOTE 


ORANGEBURG MANUFACTURING CO. « Orangeburg, New York + Newark, California 
A Division of The Flintkote Company. Manufacturers of America's Broadest Line of Building Products 
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Bell (Hub) End Repair Sleeve 


Smith Repair Sleeves are the answer to permanently repairing and quickly 
returning broken and cracked piping to service. Two types of Smith 
Repair Sleeves are available for installation on standard classes of cast 
iron pipe. Smith Mechanical Joint Repair Sleeves are produced in sizes 
4” thru 12”; Smith Bell (Hub) End in sizes 4” thru 48”. Unskilled labor 
can speedily install Smith Mechanical Joint Repair Sleeves even in wet 
excavations. Bell End Repair Sleeves are most frequently installed with 
caulked lead joints. Smith Repair Sleeves reenforce the broken — cracked 
pipe and their service life equals the life of the pipe. 


63 , 


Wi THE A.P. SMITH MFG. CO. 


EAST ORANGE, NEW JERSEY 


‘32° 


PER 
ii 
4 10 | 
— 


12 P&R JOURNAL AWWA Vol. 52, No. 2 


DON T BE 

FOOLED BY 

g _ INITIAL PIPE 
COSTS... 


Certain factors concerning 
the type of pipe to be used for 
a proposed water or gas proj- 
ect must be examined care- 
fully: 

First— how much does the 
pipe cost, compared to other 
types? 


Second — how often will it 
require repair? 


Third — how long before it 
has to be replaced? 


Sometimes the first cost of 
jobs where cast iron pipe is 
specified, is higher than simi- 
lar projects using cheaper 
pipe. Yet, in the long run, 
cast iron pipe costs less! 
Here’s why: 


@ Cast iron pipe rarely re- 
quires repairs. Its rugged 
construction, corrosion-resis- 
tant qualities and bottle-tight 
rubber-ring joints will with- 
stand the most severe pres- 
sures. 


@ Cast iron pipe is built to 
last—98 American cities will 
testify to that. They’ve had 
cast iron pipe installations in 
constant use for over a cen- 
tury! Once cast iron pipe is in 
the ground, it stays there! 


Don’t be fooled by “‘low- 
cost’’ pipe. Insist on the pipe 
that will actually save you 
money over a period of years. 


In Nebraska—Here a section of 
cast iron pipe is being relocated. 
Twenty-five years old, the pipe is 
still in excellent condition— has 
never required major repair ...or § 
replacement. 


Rely on CAST IRON PIPE an 
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In Indiana (above)—‘‘All-weather’’ In Kansas (above)—36” cast iron water 
cast iron pipe is quickly installed despite main. Another part of this main was floated 
wet trench conditions. Slip-on joints out of its trench by a heavy downpour. 
were easily assembled, with one work- Later a 150 psi water test revealed no leaks 
man using a crowbar. in the slip-on joints! 


In Pennsylvania (below)—This 16” cast iron pipe is being installed as fast as the 
trench hoe can prepare the trench. Handy lengths and slip-on joints make cast 
iron pipe easy to handle, even in crowded neighborhood sectors; require less labor. 


CAST IRON PIPE 
THE MARK OF THE 100-YEAR PIPE 
Cast Iron Pipe Research Association, Thos. F. Wolfe | 


Managing Director, 3440 Prudential Piaza, Chicago 1, Ill- 
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HAGAN COAGULANT AID 


PRODUCES STABLE SLUDGE 
BLANKETS, IMPROVED FLOC 
at South Pittsburgh Water Company | 


Here’s how South Pittsburgh Water 
Company overcomes the tremendous 
problems posed by making Monon- 
gahela River water fit for domestic 
use. The water contains industrial 
wastes, sewage pollution and acid 
mine drainage —hardness ranges 
from 50 to 400 ppm and pH fluctu- 
ates continuously. 

Serving more than 350,000 people 
in an area of 200 square miles around 
Pittsburgh, the company uses two 
clarification-softening systems, a 
conventional sedimentation plant 
and two upflow units. 

Hagan Coagulant Aid #18, used 
in both systems, has produced these 
four main results: 


1) REDUCTION OF CARRYOVER—-Coag- 
ulant Aid #18 is particularly effec- 
tive in cold winter months during 
low softening periods. Its effective- 
ness is evidenced by continuously 
good floc formation, despite reduced 
feed of softening chemicals. 


2) EFFECT ON SLUDGE AND FLOC — the 
aid produces a tougher, heavier floc, 


stabilizing sludge blankets. This im- 
proves water clarification and re- 
duces problems caused by carryover. 


3) IMPROVED PLANT EFFICIENCY — the 
rapid change of raw water quality 
makes hourly laboratory control 
mandatory. Hagan Coagulant Aid 
helps reduce clarification problems 
to a minimum —permitting plant 
chemists to concentrate on other 
vital laboratory procedures. 


4) BONUS BENEFITS——by stabilizing 
sludge in the clarifiers, Coagulant 
Aid reduces total alkalinity which, 
in turn, leads to substantial savings 
in required softening chemicals. 


Let Calgon Company tell you how 
their wide range of Coagulant Aids 
can play an important part in your 
water plant operation. Contact your 
nearest Calgon office or write: 


CALGON company 


HAGAN BUILDING, PITTSBURGH 30, PA. 


DIVISION OF HAGAN CHEMICALS & CONTROLS, INC. 
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SHACKLE YOUR WATER METERS? | 


Ordinary old-fashioned meter couplings are 
frequently like shackles on your water meters. 
They often make meter changing so difficult 
and troublesome that periodic testing is omitted 
and proper meter maintenance neglected. 


Be sure to set your meters the modern way. 
See that Ford Yokes are keeping every meter 
available for fast, fast, FAST changing and 
testing. Savings in time and increases in rev- 
enues can be really substantial. 


Angle Yokes - You can change a metet 
in a ‘Ford Yoke . 


EASILY 


FOR BETTER WATER SERVICES 
THE FORD METER BOX COMPANY, INC. Wabash, Indiana 
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Tyton Joint® pipe is almost as easy to install as our 
hillbilly friend indicates. Only one accessory needed 
...aspecially designed rubber gasket that fits 

into the bell of the receiving pipe. A push or two 
and the connecting pipe compresses the 


gasket . . . seals the joint bottle-tight and permanently. 


No bell holes. No waiting for weather. Tyton Joint pipe 
can be laid in rain or wet trench. It's so simple, in 


fact, even an inexperienced crew quickly becomes exper 


“WAKE UP, PAW... ALL WE NEED FROM YOU IS 
A LITTLE PUSH WITH YORE FEET!” 


ae 
— a cinch to 
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ONLY FOUR SIMPLE ACTIONS 


ou'll be hearing more about this ingenious new 


yton Joint. Why not get the facts firsthand . . . and now? 


call. We'll be glad to give them to you. 


.S. PIPE AND FOUNDRY COMPANY 
eneral Office: Birmingham 2, Alabama 


WHOLLY INTEGRATED PROBUCER FROM MINES 
IND BLAST FURNACES TO FINISHED PIPE 


Wipe a film of special lubricant over inside of gasket 


i 
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WHAT Price WATER? is a 12-page, 4x9-in. booklet that calls to the atten- 
tion of the reader the real value of public water supply. Comparing 1940 
prices of a number of other common items with today's, it also presents a 
comparison of the 1940 costs of water works facilities with present ones as 
an indication that water rates must be boosted. Designed to fit in a standard 
No. 10 business envelope, the booklet sells at prices ranging from 10¢ to 24¢ 
per copy. Imprints of your name and address as well as your rate per 
thousand gallons or cubic feet can be provided on lots of 600 or more Ask 
for sample 


Since their introduction in 1954, the Willing Water jewelry items have been most popular 
as awards, gifts, and good will builders. Presenting a blue-faced Willie in full stride, the 
emblem has made a hit as a lapel button as well as a decoration on a number of jewelry items. Included in the list of 
items now available are: 


AW-1 Lapel Emblem (screw-back) 5 AW-8 Shortie Tie Clip (rhodium plated alligator clip)$1.85 
AW.2 Lapel Pin (joint pin & safety catch) 75 AW-9 Money Clip (rhodium plated) saecinteticinses 


AW-3 Key Chain (spiral mesh chain and spring-lock AW.10 Cuff Links (rhodium plated disks) 
holder) 1.25 


AW-5 Zippo Cigarette Lighter (brush finish, boxed) 


AW.11 Earrings (screw type) 


The popularity of Willing Water lapel emblems has led to the design of a special button 

for recognition of tenure. The design shown at the left was prepared on the request of the 

Alliance, Ohio, Water Department, which now uses the service buttons. It is now available 

to you, with your company name engraved on it. Minimum order is 25 buttons or pins. On such an order « die charge 

of $17.60 is made for inserting your company name. The pins (with joint pin and safety catch) or buttons (with 
ecrew-back) are priced as follows 


B 
10K Gold 


Sterling 1iK Gold 


Gold filled 


The minimum quantity (25) may be assorted as to years of service and as to metal used. Please specify clearly the 
mamber ef enab type required with pins (for female employees) and with screw backs. 


AMERICAN WATER WORKS ASSOCIATION 
2 Park Avenue New York 16, N.Y. 
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SAFETY 
FACTOR! 


CONSERVATIVE DESIGN is one of the im- 
portant reasons why American Concrete 
Cylinder Pipe has gained such high ac- 
ceptance by engineers and water works 
officials in the west. The composite design 
of the pipe is based on a factor of safety 
of 2% at the elastic limit of the pipe. 
American Concrete Cylinder Pipe will 
safely withstand sudden and severe in- 
creases of pressure — surge and water 
hammer — or the occasional concentrated 
external loadings met under unusual field 
conditions. 


The composite action of the mortar lined 
steel cylinder, circumferential rod rein- 
forcement and external mortar coating 


CONCRETE PIPE FOR MAIN WATER 


SUPPLY AND TRANSMISSION LINES 


accounts for the consistently successful 
performance record of this type of pipe. 
The use of a minimum of 25% to, under 
certain conditions, 50% or more of the 
total required cross-sectional steel area as 
tension-wound circumferential reinforce- 
ment substantially increases the pipe’s 
external supporting strength over that 
which would be obtained if all of the 
required steel area were placed in the 
cylinder alone. 

Take advantage of American Concrete 
Cylinder Pipe’s greater inherent strength 
through more effective use of materials 
— see an American sales engineer when 
planning your next project. 


4 


LOS ANGELES: 4635 Firestone Bivd., South Gate, Calif.— LOrain 4-2511 * HAYWARD: P.O. Box 630 — 
JEfferson 7-2072 ¢ SAN DIEGO: P.O. Box 13 —CYpress 6-6166 * PORTLAND: 518 N.E. Columbia Bivd. 
— Butler 5-2531 ALBUQUERQUE: P.O. Box 1782 —CHape! 7-0486 PHOENIX: American Concrete 


Pipe Co. (Subsidiary) P.O. Box 12127 — Alpine 2-7566 
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pipe the Dresser way... 


often the 
only way! 


This battery of steel crosses is in 
the new Clague Road Filtration 
Plant, designed by Havens and 
Emerson, Cleveland, Ohio. The 
Plant will carry a normal flow of 
50-million gpd. Contractor: Hun- 
kin-Conkey Construction Com- 
pany 


Dresser® Couplings provide the essen- 
tial leeway for bolting up cross flanges 
to valves in tight spots. They'll take 
deviation caused by settling concrete 
and remain bottle-tight ... permanent- 
ly! Dresser’s vibration-proof proper- 
ties protect valves and other expensive 
equipment, and protect the pipelines, 
too. With a Dresser Coupling, two 
man-minutes per bolt gives you a per- 


Bradford, 
Pennsylvania 
Chicago 
Houston 
New York 
S. San Francisco 
Toronto & Calgary 


Always the 
easy way... > 


The 8-inch, 10-inch and 30-inch 
Dresser-Coupled lines illustrated 
here are part of the system used 
in servicing the Clague Road's ad- 
vanced rapid-sand type filters. 


manent, leak-proof joint that absorbs 
expansion-contraction movement, keeps 
maintenance problems to a minimum, 
and makes repairs easier if and when 
they do become necessary. For a free 
copy of “Dresser Couplings for Fil- 
tration Plant Piping” and the Dresser 
Sewage Treatment Plants booklet, 
write to Dresser Manufacturing Divi- 
sion, Bradford, Pennsylvania. 


DRESSER 


MANUFACTURING DiviSIton 


| 
Joining 
| 
F 
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FORT LAUDERDALE « ST. PETERSBURG « FORT MYERS « NAPLES « GAINESVILLE “MARINELAND” (ST. AUGUSTINE) 

WEST POINT MARION JACKSONVILLE « EVANSTON MOLINE GRANITE CITY VANDALIA MATTOON « ALTON « FR 

STREATOR« EAST ST. LOUIS WILLIAMSON COUNTY « INDIANAPOLIS BEDFORD GENERAL MOTORS (iNDIANAPOL 

RICHMOND « COUNCIL BLUFFS « CENTERVILLE « DAVENPORT « DUBUQUE « CRESTON « HUMESION « WEST DES MOINE 

OSAGE CITY + BELOIT GRENOLA KANSAS CITY ATCHISON ELLSWORTH » MANHATTAN HAYS TOPEKA « OLAT 

WICHITA ALTAMONT « LAWRENCE « MORRIS « ST. PAUL FT. SCOTT EUREKA DESOTO LAWRENCE RUBBER RES 

PRINCETON OWENSBORO « HOPKINSVILLE LEXINGTON U.S. ARMY (FORT CAMPBELL)» JEFFERSON COUNTY! 

BELLE CHASSE LAKE CHARLES « SHREVEPORT (CROSS LAKE PLANT) DRIA EMPIRE KAISER ALUMINUM 

KAISER ALUMINUM CO. (CHALMETTE) + SHREVEPORT METAB H MARRERO » LOGANSPORT 

BEL HAVRE DE GRACE WESTMINISTER® RO iD YPSILANTI « FILER 

WYANDOTTE « ALGONAC « HIGHLAND PAR 

VICKSBURG « JACKSON MAR 

EXCELSIOR SPRINGS « 

IRONTON « CAR 

LINCOLN « 

FREDONIA + : NFORD LILLI 

CORNING « A i FIN AVON Lé 

WINDHAMe POR ON ELYRIA® / 


FREDERICKTO 
READING « G 

CARMICHAEL 

NEW KENS! ARPSVILLE « MONONGAHELA 
LETTERKENNY © GTON LEWISTOWN NEW CASTLEs 
BEAVER FALLS«M 

EVANS TARENTU 

SEVIERVILLE FRAYSER « C HAVEN « JEFFERSON CITY SEWANEE HARRIMAN HUNTINGD: 
BORGER NAVY BASE, (CORPUS LAREDC « RUBBER RESERVE CORP., (BORGER) SYNTHETIC RUBBER P 
PHARR« MONTE ALTO + BROWNSVILLE DONNA» SAN ANGELO BEAUMONT FORT WORTH « LLANAs MARSHALL A 
ELECTRA SWEETWATER WICHITA FALLS  WESLACO + BAIRD © PARK » ABILENE PORT ARTHUR SAN BEN 
HOUSTON « STAMFORD « RIVER OAKS © WACO » RIO GRANDE CITY ® GULF OIL CORP. (WEST PORT ARTHUR) « SP 
EAGLE PASS « PHILLIPS CHEMICAL CO. (HOUSTON) ALBAM® ® WEATHERFORD « INDUSTRIAL FILTER CO. (HOUSTOF 
IOWA PARK « NORFOLK « PORTSMOUTH » AMERICAN WISCOSE CORP. (FREDERICKSBURG) « AMERICAN VISCOSE 
NEWPORT NEWS + WHEELING « MATEWAN « CHARLESTON « WEIRTON « AMHERST COAL CO. (LUNDSDALE)« MT. HO! 
MOOREFIELD LOGAN MONONGAH « RICHWOOD « FAIRMONT KINGWOOD NORTH FORK PHILLIP! NITRO RIPLE 
HANCOCK COUNTY + AMHERSTOALE « ALDERSON « HARRISVILLE KERMIT MILTON STATE COLLEGE (LIBERTY) 
APPLETON RACINE « LOVELL WORLAND CHEYENNE « JOLIETTE VANCOUVER CORNWALL GRIMSBY NIAGARA 


plants” know ... 


How to get to the bottom | 
of backwash problems 


The best way is to install Leopold Glazed We'll be glad to supply facts and figures 
Tile Filter Bottoms, just as all these plants without obligation. 
have done. *Including over 100 rehabilitation projects 
Like them, you'll find Leopold Bottoms suc- F. B. LEOPOLD CO., INC. 
cessfully meet all underdrain requirements. The ZELIENOPLE, PA. 
individual Leopold blocks can’t corrode or absorb _ Exclusive Conadion Representotive: W. J. Westoway, Lid., Homilton, Ont. 
water . . . are acid and alkali resistant . . . are 
not subject to tuberculation . . . and provide 
equal filtration and uniform wash distribution. 
In addition, because Leopold Bottoms won’t 
wear out and assure minimum media mainte- 
nance, they are the most economical in the 
long run. 
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Tapping Concrete 


Pressure Pipe... 


Simple, Safe, 
and Efficient 


Modern equipment and techniques have made 
tapping of concrete pressure pipe under pres- 
sure a run-of-the-mill operation for the average 
pipeline maintenance crew. Pressure tapping of 
this type of pipe has become so commonplace 
that one private water works company alone 
has installed nearly 2,000 taps in its concrete 
pressure lines during the past 10 years. 

Crews responsible for the operation find that 
tapping concrete pressure pipe under pressure 
is simple, efficient and, above all, safe—with no 
cross-threading or damage to the pipe. 

In addition, concrete pressure pipe, itself. is 
so reliable that tapping is probably the only 
operation that a maintenance crew will have to 
perform on most concrete pressure pipelines 
throughout generations of trouble-free service. 

For complete information, write to the 
American Concrete Pressure Pipe Association 
for its comprehensive booklet on the pressure 
tapping of concrete pressure pipe. 


WATER FOR GENERATIONS TO COME 


Concrete 


_ AMERICAN CONCRETE PRESSURE PIPE ASSOCIATION 
228 North La Salle Street, Chicago 1, Illinois 
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*' service connections to 36” cross con 
ions, pressure tapping by users of 
pressure pipe i 
d routine oper 
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AMERICAN “AIRCOMB” pirruseR 


WITH SELF-CLEANING NON-CLOG TEETH 


Gives All the Aeration You Want... just where and when you want it 


Teeth on both sides of the “‘Aircomb" 
provide simple, multiple, variable-flow 
orifices for controlled aeration. 


No “‘blurps” at low air flows. 


Unique peaked-dome design prevents 
accumulation of solids. 


Velocities are self-cleansing. 


Variable diffusion capacity as high 
os 5:1 if necessary. 


Nothing to break or need replacement 
or change. 


Fully proved in the field. 


NOTHING CLINGS, FLINGS, OR SWINGS 
A TRUE TRIUMPH IN SIMPLICITY, ECONOMY, DURABILITY, AND EFFICIENCY 


The AMERICAN “Aircomb” has very useful application in pre-aeration, 
channel diffusion, and activated sludge installations. It is especially pre- 
ferred where relatively high tank content agitation is required and where 
other types of diffusers present operating difficulties due to clogging. 
The “Aircomb” handles a very wide ‘| It can be applied in a wide variety of 
range of gas flow per diffuser unit. mechanical arrangements, such as 
Orifices automatically adjust to the shown on header pipe illustrated 
gas flow (the gas-liquid interface below. More than one header with 
lowers as the rate increases). Bubble aircombs can be used parallel to 
+ = is smallest = et lowest each other as needed. Peaked-dome 

ow. Velocities are sell-cleansing. of the “‘Aircomb”’ prevents the ac- 
The ‘“Aircomb” is also the ideal cumuiation of solids when used in 
diffuser for recarbonation, since car- settling tanks. 
bon dioxide will go into solution The 
readily. No maintenance is required. 


‘‘Aircomb” is cast in bronze, 
| aluminum, cast iron, or any other 
Guaranteed Unconditionally For Five Years necessary material. 


In Our 92nd Year 


Comprehensive Line of Field-Proved 


at AMERICAN WELL WORKS 


age, industrial waste, and water purification 112 HN. BROADWAY AX AURORA, ILLINOIS 
equipment; tank and pipeline mixers; dee fi 

well turbines; water transfer, clear liquid and Research, Engineering men cal Waste and Water Treating, 
waste water pumps. Consult “American” and Manufacturing est.1e6g Mixing, and Pumping Equipment 


engineers or write for technical data, SALES OFFICES CHICAGO, NEW YORK, AND OTHER PRINCIPAL CITIES 


| 
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(ita) METERS 
POSITIVE CONTROL OF MATERIALS IN MOTION (RES) 
CONTROLS 


COMPATIBLE COMPONENTS... 


increase efficiency and accuracy in 7 
INTEGRATED TELEMETERING SYSTEMS! ted 


time-duration 


telemetering systems . . . primaries, transmitters and 
receivers specifically designed and teamed ‘or better 
measurement and control of 

flows * pressures * temperatures 

levels * positions * weights 

electrical quantities 


Primaries . . . most complete line available Venturi Tubes 
for highest accuracy, Dall Flow Tubes for minimum head 
loss, and wide selection of special tubes and nozzles 

to suit any requirement 

Transmitters . .. many Chronoflo types . . . individually 
designed to transmit flow, level, pressure, electrical quantities, 
temperature or similar functions over long distances. 
Receivers... new modular construction permits building- 
block type assembly of unitized plug-in components for 
greater reliability, high enduring accuracy, high speed 


= operation, high repeatability, and greater versatility. 


BUILDERS- PROVIDENCE + PROPORTIONEERS + OMEGA 


METERS * FEEDERS + CONTROLS / CONTINUOUS PROCESS ENGINEERING 


oe © Remember . . . B-I-F offers single responsibility for complet 
. systems. For full details , request literature TH-MS, free of 
charge. Write on company letterhead for B-I-F’s new 52 Page 
Telemetering Handbook available at $2.00 per copy 
B-I-F Industries, inc., 365 Harris Ave., Providence 1, R. I. 
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“What type 


at ty pe of |: arge- -diameter water pipe 


carries the highest internal pressures? 


has the greatest beam strength to span washouts? 


pi ‘oof of quality? 


es (every length tested in the shop to AWWA stesavds) 


¢ Inly large-diameter steel pipe is the answer to every one 
these questions. 

Bethlehem large-diameter steel pipe (from 18 in. ID 
to the largest size you may need) is coai-tar enameled in 
the shop for long-lasting high-flow capacity and resist- 
ance to corrosion. And every length is tested to AWWA 
standards, usually to twice the design pressure. 

What better investment could you make in your com- 
munity’s water supply program than to use tried-and- 
proven Bethlehem steel pipe? 

The nearest Bethlehem sales office will gladly give 


you full details. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA 
Export Distributor: 
Bethlehem Steel Export 


Corporation 


BETHLEHEM STEEL 


he 
4 
the t severe shoc MOS 
... withstands the most severe shock loadings? 
... gives the tightest, most leak-free joints? 
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TRINITY: 


+ 


all 
cast iron 
water works 


fittings 


VALLEY 


AWWA Standard 
Bell Spigot 
Watermain Fittings— 
2” through 36”. 


Ring Tite Fittings 
3” through 16” % 
Class 150. Class 
100 through 12”. 


Short Body and 
Mechanical Joint 
Watermain Fitting 
2” through 20”. 


Fluid-Tite Fittings— 

3” through 16” 

Class 150. Class 

100 through 12”. 


Fabricated Piping 


TRINITY VALLEY IRO 


AND STEEL COMPANY 
ss Phone PE 8-1925 7 Fort Worth, Texas P, 0, Box 664 
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There’s a world of 


service available 


ae 


PUMPS WATER WELLS e WATER TREATMENT 


Any service is only as good as its 
availability when you need it. 

Layne service for any pumps, wells, 
water systems and water treatment 
for Industry—Municipalities—Agri- 
culture is available throughout the 
world, 24 hours a day. The vast net- 


Layne complete water services include: initial surveys e 


work of Layne Associate Companies 
with over 75 years’ experience, trained 
personnel and quality Layne replace- 
ment parts, assure prompt and com- 
plete service wherever you may be 
located. Write for Layne Service Bul- 
letin 100. 


recommendations 


explorations e site selection e foundation and soil sampling ¢ well drilling 


well casing and screen e 


pump design e 


manufacture and installation 


construction of water systems e maintenance and service « chemical treatment 


of water 


LAYNE & BOWLER, IN 


wells e water treatment e all backed by Layne research 


GENERAL OFFICES AND FACTORY, MEMPHIS 8, TENN. 


LAYNE ASSOCIATE COMPANIES THROUGHOUT THE WORLD 


Sales Representatives in Major Cities 


28 AW W. 52, No. 2 
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American-Made 


ROW PRESSURE PIPE 


Backed by Strong, Dependable, Responsible Companies 


Cast Iron Pressure Pipe produced in America economy of American-made Cast Iron Pressure 
today is backed by responsible companies with Pipe. 
long established reputations for quality products 
..for proved integrity and dependable support- No such guarantees are available to buyers of 
ing service. so-called “bargain” foreign pipe, whether cast iron 
These priceless intangibles are added guaran- of cheaper substitutes. If foreign pipe fails, it’s 
tees of the long-lived performance and long term the buyer’s loss. 


-and finally, remember-what America makes, makes America! 


* 
* 
* 
* 
* 
* 
* 


Buy pipe that helps create prosperity over here. 


LYNCHBURG, VA 
1816 MONTREAL, CANADA — 10” Water Main 182 7” Weter Moin 1834 READING, PA — 4” Woter Main 


Early Cast Iron Pressure Pipe, like this, has been in service for a 
century or more in 68 American cities. Today’s American-made 
Cast Iron Pipe is even better because of improved manufacturing 
methods, production standards and rigid metallurgical and lab- 
oratory controls. You can buy it with confidence in the efficiency 
of its service and the integrity of its makers. 


This advertisement is | 
cat rn Per OODWARD IRON COMPANY 
Since 
WOODWARD, ALABAMA 


3 Feb. 1960 
* 

| 
lil 

1830) PHILADELPHIA, PA — 6” Woter Main 
Bote 


Steel water pipe with smooth, 
spun lining of Bitumastic En- 
amel. Whitewash protects ends 
against exposure to sunlight. 


FLOW COEFFICIENT=155 


The ebony-like finish on the inside sur- 
face of the steel water pipe shown 
above is a typical spun lining of Bitu- 
mastic 70-B AWWA Enamel. This type 
of lining has been tested and proved to 
have the highest flow coefficient avail- 
able today. 

That’s one reason why steel pipe, 
lined with Bitumastic 70-B AWWA 
Enamel is such a good investment for 


water lines. Delivery stays high, too, 
year after year, since this enamel pro- 
vides the best protection against tuber- — 
culation and incrustation known today. 

Investigate steel water pipe—lined 
and coated with Bitumastic 70-B 
AWWA Enz vater- 
supply project. 

Koppers Company, Inc., Tar Prod- 
ucts Division, Pittsburgh 19, Pa. 


ONLY KOPPERS — 


BITUMASTIC 


REG. U.S. PAT. OFF. 


70-B ENAMEL 
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the only 


water meter 
with the 


CONICAL DISC 
PISTON 


and the 


“THREE PART 
CHAMBER 


for greater accuracy... easier, lower cost maintenance 


Every engineer knows a cone shape is inher- 
ently stronger than a flat shape. Because of 
this designed-in extra strength, the Hersey 
Conical Disc Piston requires lighter reinforc- 
ing thus increasing its sensitivity and accuracy. 


In addition, the conical disc’s center of gravity 


is slightly above center of the ball, resulting in 


Model HO— i", 1%", 2°, 3° 


Mode! HO—%", 1 


still further sensitivity over that of a flat shape. 


The conical disc also makes possible a 3-piece 
measuring chamber. Only the relatively inex- 
pensive top or bottom plate will ever need 
replacing. The more expensive chamber ring 
will never require repairs. nil 


Write us for descriptive catalog No. H2. 


HERSEY-SPARLING 
METER COMPANY 
Hersey Products: DEDHAM, MASS 
Branch offices in principal cities 
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Like Atlanta, Ga., you too can meet tomorrow’s increased water 
demands with clean water mains. When the coefficient of sections of 
Atlanta’s 45 year old main dropped to a low of 44, Waterworks 
General Manager, Paul Weir ordered National cleaning. Results 
were outstanding. Water pressure and capacity doubled, giving 


better fire protection and higher water pressure to outlying sections. 


Do as other leading cities have done—let National 
cleaning provide for tomorrow’s expansion without 
id capital expenditure today! We can prove that Netional 
cleaning is an investment—not an expense. 
Write us today! 
TIONAL WATER MAIN CLEANING COMPANY 
50 Church Street °* New York, N.Y. 


333 Candler;Building, Atlanta 3, Georgia; 920 Grayson St., Berkeley, Calif.; 115 Peterboro St., 
Boston 15, Mass.; 533 Hollis Road, Charlotte, N. C.; 8 S. Dearborn St., Rm. 808, Chicago 3, 
Ill.; P. O. Box 385, Decatur, Ga.; 2024 Merced Ave., El Monte, Calif.; 315 N. Crescent St., 
Fiandreau, South Dakota; 3707 Madison Ave., Kansas City, Missouri; 200 Lumber Exchange 
Bidg., Minneapolis 1, Minn.; 510 Standard Oil Bidg., Omaha 2, Nebraska; 2910 W. Clay 
Street, Richmond 21, Va.; 502 West 3rd South, Salt Lake City 10, Utah; 204 Slayton St., 
Signal Mountain, Tenn., 424 S. Yale Avenue, Villa Park, Illinois; 7445 Chester Avenue, 
Moatreal, Canada; 576 Wall Street, Winnipeg, Mamitoba, Canada; Apartado de Correos 
No. 5, Begota, Celombia; Apartado 561, Caracas, Venezuela; P. O. Box 531, Havana, Cuba; 
Marquimaria, Apartado 2184, San Juan 10, Puerto Rico; Bolivar 441-A, Marafi., Lima, Peru 


© 
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Allis-Chalmers introduces... 


New vertical turbine pump- | 


Now Allis-Chalmers brings its 85 years of pump 
experience to the short-coupled vertical tur- 
bine-type field. This addition not only rounds 
out industry’s most complete single source for 
pump installations, it offers many advantages 
wherever liquids are to be pumped. Standard 
sizes for heads up to 400 ft or more, and capa- 
cities ranging from 20 to 8000 gpm. 


Pressures can be increased by simply adding 
a stage to the existing pump without increasing 
space requirements. Equipment and installation 
costs are low. Motor and discharge nozzle are 
supported by a single, small foundation. There’s 
no need for suction pipe, interlock controls or 
priming equipment. Allis-Chalmers hollow-shaft 
motors remove the danger of open couplings. 


the 
prime pump 
that needs 
no priming 


Allis-Chalmers pump experts will be happy to tell you about this new addi- 
tion to an outstanding line. Contact your A-C representative or distributor, 
or write Allis-Chalmers, General Products Division, Milwaukee 1, Wisconsin. 


ALLIS-CHALMERS <AC 


Cross-section of one 


Many advantages — Self-priming * eliminate 


' suction piping costs * save space, motor sup- 


port and discharge nozzle are integral * low 


first cost * increase pressure easily * operate 


quietly * low maintenance with one stuffing © 
box * no motor flooding. 


stage showing arrange- 
ment of bowl, wearing ring, 


Many applications — Water systems, irriga- 
tion, condenser systems, bilge and sump serv- 
ice, dry docks, fire equipment, filter washing, 
recirculation, transfer pumping, process pump- 
ing, cooling condensers and diesel jackets, air 
conditioning, caisson and mine dewatering, 
general-purpose pumping. 


J 
im 
: 
JAW 
| | 
Wer, shaft and b 
impeller, shaft and bearings. 
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Weir plates of Everdur control water 
in Toronto's new Humber plant 


| 


These corrosion-resistant Everdur weir plates will handle 50 million gallons of water every day at the 
new Humber sewage treatment plant 


EVERDUR RESISTS CORROSION. Installations of 
Everdur sewage-treatment and waterworks 

equipment in the United States. have been 
n service without replacement for 30 
and longer. 


EVERDUR IS TOUGH. Everdur, Anaconda’s group 
of copper-silicon alloys, also possesses high 
physical strength and resistance to wear and 
abrasion—so that wrought equipment can be 
designed with lighter weight. 
EVERDUR IS READILY FABRICATED. Everdur alloys 
e available for hot or cold working, welding, 
ee machining, forging and casting—and can 
> supplied in plates, sheets, rods, bars, wire, 
tubes, electrical conduit, and casting ingots. 
WRITE FOR PUBLICATION E-11—or for assistance 
from the Technical Department in selecting 
the correct material for your equipment. 
Address: The American Brass Company, 
Easy fabrication. Everdur weir plates are being Waterbury 20, Conn. In Canada: Anaconda 
joined by arc welding prior to installation. American Brass Ltd., New Toronto, Ont. 5996 


EVERDU * Anaconda’s Family of Copper-Silicon Alloys 
t MADE BY THE AMERICAN BRASS COMPANY 


STRONG +» WELDABLE + WORKABLE - CORROSION-RESISTANT 
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FLUIDICS 


1 Pfaudler Permutit program providing a modern, imaginative approach — plus the special- 

ized materials and equipment — for handling and processing and con- 
=7 ; trolling more profitably the liquids and gases which are the lifeblood 
= of our manufacturing economy. 


JIDICS AT WORK 
New pneumatic transmission system 
more accurate, more dependable 


The diagram shows a typical setup for the new 
plex system for transmitting rate of flow and 
of head to a receiver. 


Rate of Flow 
The new Type PN transmitter combines the excep- 
tional accuracy and range of a differential converter 
erated by a mercury float with the traditional 
yendability of pneumatic transmission. 
The transmitter consists of a differential converter 
ich extracts the square root flow function from a 
nary and then positions a pneumatic motion 
ismitter. The transmitter produces a pneumatic 
» 15 psig linear signal. A booster pitot diaphragm 
the motion transmitter insures a low lag coeffi- 
it and fast transmission. 
3esides getting a linear signal without using 
plementary pneumatic relays, this new unit 
es you point accuracy over wide ranges of flow 
h minimum differentials. The booster permits 
ccurate transmission over long distances with 
minimum lag. 


Loss of Head 
A Type TD transmitter gives accurate readings to 
within +1%. It uses no stuffing boxes or relay 
valves, so both installation and maintenance are 
simple and economical. 

Connected to Simplex Pneumatic Gauges, this 
new system will give long years of accurate, de- 


pendable, trouble-free service. 


SIMPLEX 


VALVE AND METER COMPANY 
a division of PFAUDLER PERMUTIT INC. 


Specialists in FLUIDICS ... the science of fluid processes 


FLUIDICS AT WORK 


Modulair Flow Controller installs 


as easily as a piece of pipe 


So simple is this new pneumatic rate-of-flow controller, you 
can install it in about the time it takes to install a piece of 


pipe. 


The differential producer and the modulator lie in a single 
housing. The actuator is entirely enclosed in a case which 


mounts directly on the housing. 


Result: No complicated piping or drain system to install and 


maintain. 


For a bulletin giving complete specs and performance 
data, write to our Simplex Division, Lancaster, Pennsylvania. 


sk for Bulleti 5 
Ask for Bulletin 951. am J 


Fast, dependable delivery insured by new plant 


This is the new $2,000,000 home of our Simplex 


Division . . . an ultra-modera plant designed from 
front to back to give you fast, dependable service on 
valves and meters. New manufacturing techniques, 
updated assembly lines and ample manufacturing 
capacity and a complete staff of skilled workers 
have all been planned around the single objective 
of getting your orders to you on time and built to | 
your exact specifications. 
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You can order Cyanamid Alum for 
your filtration processes with the 
utmost confidence because Cyana- 
mid Alum is quality controlled from 
start to finish to meet stringent spe- 
cifications. Manufacturing plants 
are strategically located to give 
efficient service throughout the 
country. 

Supplied in the form you want 
LIQUID — for cleaner, easier, more 
economical operation. In tank wa- 
gons and tank cars from 9 conven- 


er... 


ient shipping points. Conforms fully 
to AWWA standards. 


DRY — conforms fully to AWWA 
standards in ground, rice, lump or 
powdered grades. Bagged or bulk. 


THINKING OF CONVERTING TO 
LIQUID? Your costs—and savings— 
can be determined quickly by a 
Cyanamid representative with years 
of conversion experience at your 
service. Just call Cyanamid for 
product or technical service. — 


WM 


AMERICAN CYANAMID COMPANY 


Process Chemicals Department, 30 Rockefeller Plaza, New York 20, N. Y. 


In Canada: Cy id of C 


Limited, Montreal and Toronto 
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GRIFFIN PIPE 
SERVES 
THE 

ENTIRE 
MID-WEST 
FROM 
COUNCIL 
BLUFFS 


SOUTH Dak 


cor 
LORADO KANSAS 


NEW MEXICO 


Never before have cast iron pressure pipe users in the Plains States had such a strate- 
gically-located source for their pipe needs! 


Because Council Bluffs is the transportation hub and heart of this vast area... 
and because the Griffin Pipe plant is served by nine railroads alone, in addition to 
truck carriers delivering pipe alongside trench... your pipe shipments will reach 
their destination in record time! This means time and money savings for you. Also 
eliminates the need to maintain a large inventory. 

The newly-remodeled Griffin Pipe plant on the Council Bluffs site is the logical 
source for cast iron pressure pipe users in Missouri, Minnesota, Wisconsin, Illinois, 
Iowa, Kansas, Nebraska, North Dakota, South Dakota, Oklahoma, and neigh- 
boring states. 

Griffin is the first American foundry to manufacture cast iron pressure pipe in 
modern 20-foot lengths, cast by the Delavaud process in the popular 4-12” diameter 
size range. The 20-foot length means 10% fewer joints, with consequent reductions 
in installation costs. 

A complete selection of pipe joints is offered, including patented Bell-Tite slip-on, 
mechanical joint, and bell and plain end. Griffin-20* cast iron pressure pipe will be 
manufactured in accordance with ASA, AWWA, and Federal Specifications for water 


and gas distribution. 
Take advantage of the strategic location of this new plant... and the oe 
economies it can effect in your pipe installations! 


*"'Griffin-20" is a trademark of Griffin Wheel Company 


DIVISION 
GRIFFIN WHEEL COMPANY e COUNCIL BLUFFS, IOWA 
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THE V-NOTCH 
MEETS FUTURE 
DEMANDS, T00 


if 


They tell us it’s a growing America. 


It is. 
Wn 
You know already you’ll need to expand : 
to keep pace with demand. 


That’s why the V-notch Chlorinator has 
such tremendous range. The precision 
shaped groove in a V-notch plug is made 
to control chlorine completely to one 
eight-hundredth of the maximum ¢ca- 
pacity of your machine. In fact, this 
is standard in some of the V-notch 
chlorinators. 


Your W&T representative will help you 
size your V-notch chlorinator so that 
when your treatment needs step up—you 
simply snap in the next size rotameter. 


Without buying a new machine, you get 

the same quick, accurate control in a 4 booklet. “The V-notch 

new working feed range. Story” will tell you about all 
the W&T V-notch Chlorinator 

And, of course, the right plastics make _— features. For your copy 

the whole chlorinator chlorine-proof, write Dept. S-133.05 


WALLACE & TIERNAN INCORPORATED 
25 MAIN STREET, BELLEVILLE 9,NEW JERSEY 
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AMERICAN WATER WORKS ASSOCIATION 


VOL. 52 © FEBRUARY 


1960 NO. 2 


Revenues, Rates, and Advance Planning 


Louis R. Howson 


A paper presented on Oct. 15, 1959, at the lowa Section Meeting, Des - 


Moines, Iowa, by Louis R. 
Howson, Chicago, Ill. 


is — evident that water revenues 
must be sufficient to cover the ex- 
enses of system operation and mainte- 
lance, accrue an adequate depreciation 
eserve to provide for necessary re- 
lacements and cover the interest and 
imortization requirements of outstand- 
ng debt. Up to this point, manage- 
nent ordinarily does a satisfactory job. 
No water utility is static, however, 
‘vell in a community whose population 
s relatively constant; both water use 
nd water quality standards increase 
is standards of living increase. 


Importance of Advance Planning 


A water utility can move only for 
vard or backward; there is no stand- 
ng still. Advance planning is abso- 
utely essential to the provision of good 
ervice. It makes possible the most 
economical construction of the neces- 
ary facilities and is the best deterrent 
o the diversion of water utility funds 
nto other channels. Advance plan- 
ling reduces the necessity of financing 


Howson, 


Partner, Alvord, Burdick 


by bond issues, which too frequently 
succeed or fail according to political 
influence, rather than on their own 
merits. Good planning also results in 
more consumer appreciatien of service 
and in better public relations. 


Growth and Needs 7 


It has been demonstrated repeatedly 
that the managements of all water utili- — 
ties should have present and future sys-— 
tem requirements analyzed by someone 
qualified for the job (preferably a con- 
sulting engineer) at least as often as 
every 10 years. It is also generally 
agreed that, in normal times, any water 
utility that does not study and ~ 
for its needs for at least 10 years in| 
advance cannot expect to meet those 
needs when they materialize. These — 
are not normal times, however. 

In the past 10 years, as much money 
has been invested in water supply in_ 
the United States as in all preceding 
years. In fact, three-fourths of the 
total historical national water supply 
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investment, measured in dollars, has 
been made since 1943. Population 
growth is taking place at a rate of 
3,000,000 per year, of which approxi- 
mately 2,500,000 must be served by a 
public water supply. The provision 
of service to these new people alone 
would require an annual investment 
exceeding $600,000,000. Furthermore, 
present consumers are increasing their 
use of water by 200 mgd each year. 
The increase involves an additional 
annual expenditure of more than 
$250,000,000. In order to provide 
water service to 1,000 new consumers, 
a water system must have 24 mi of 
new mains, 250 new service connec- 
tions, 250 meters, and approximately 
250,000 gpd of supply, treatment, and 
pumping capacity—not to mention ad- 
ditional storage and distribution facili- 
ties to meet peak demands. At 1959 
prices, the investment required to pro- 
vide service to 1,000 new consumers 
(250 metered customers) is approxi- 
mately $250,000. Such requirements 
cannot be met successfully without ade- 
quate advance planning. 


Financial Planning 


Advance planning is more than sim- 
ply studying the requirements of the 
future, outlining necessary construc- 
tion, or estimating its cost. Because 
water utilities must finance their con- 
struction from revenues, whether di- 
rectly or indirectly, it is just as essen- 
tial to plan in advance for financing. 
It is even more advantageous to plan 
financing jointly with supply and con- 
struction requirements. Through care- 
ful coordination of plans for construc- 
tion and improvements with plans for 
revenues and financing, better service 
can be provided at lower costs. 

If considered far enough in advance, 
most ordinary construction can be so 
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programed that it can be built from 
current earnings at a material saving 
in overall cost. For example, financing 
new construction with a 3 per cent 
bond issue of 20-40 years’ maturity 
costs, when finally paid for, 35-75 per 
cent more than financing from earn- 
ings. Money is no longer available 
at 3 per cent, however. For revenue 
or general obligation bond financing 
undertaken at the present time (1959), 
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t - $ 1,000,000 


0 
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1925 1930 1935 1940 1945 1950 1955 1960 
Year 

Funded Debt and Investment of 

Des Moines Water Board 


Fig. 1. 


Since acquisition of the water utility by 
the city, the capital investment has in- 
creased approximately 450 per cent, 
whereas the funded debt, paid off entirely 
through revenues, has decreased to less 
than 40 per cent of its peak in 1930. 


the coupon rate is closer to 44 per 
cent, and the total cost of the interest 
and amortization will be 1.5—2.25 times 
as much as the cost of direct financing 
from earnings. Of course, financing 
of capital additions from current reve- 
nues makes more liberal revenues nec- 
essary (about 25 per cent higher), but 
it offers a great net financial advantage. 

It should be clear, therefore, that 
it is economically desirable to have 
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enough surplus in the current reve- 
nues, after operation and maintenance 
costs, to pay for ordinary (and even 
extraordinary) construction. This can 
be done, if advance planning has made 
it possible to distribute construction 
costs rather than concentrate them in 
too short a time. 


Planning at Des Moines 


The Des Moines Water 
Board furnishes an excellent illustra- 
tion of sound financing methods. The 
water utility was purchased by the city 
from a private company, in November 
1919, for approximately $3,500,000. 
Bonds were issued to finance the 
purchase. At the present time the total 
indebtedness on the property is 
$1,833,000, but the book cost of the 
property as of Dec. 31, 1958, was 
$19,187,161. In other words, by co- 
ordinating its construction with reve- 


(Towa) 


nues so that it could largely finance 
its construction without long-term bor- 
rowing, the city has been able, during 
39 years of municipal ownership, to 
increase its equity in the water supply 
property from none in 1919 to 90 per 


cent in 1959. This was accomplished 
during a period in which the capital 
investment increased 450 per cent. 
The results of the Des Moines financ- 
ing policy are shown diagrammatically 
in Fig. 1. 

The Des Moines Water Board is 
now in the process of adding approxi- 
mately $5,000,000 to its capital invest- 
ment. In connection with this pro- 
gram, which will double the capacity 
of the softening plant, add a 75-mgd 
electric pumping station, provide sev- 
eral miles of feeder mains of up to 
48-in. diameter, and build three distri- 
bution standpipes with an aggregate 
capacity of 8 mil gal, the Des Moines 


Water Board recommended and_ the 
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city council approved an increase in 
water rates averaging 25 per cent. 
The construction program is to be 
spread over a 5-year period. 

Instead of issuing long-term bonds, 
the board arranged for a short-term 
loan from a group of Des Moines banks 
in the amount of $1,800,000, at the 
exceedingly favorable interest rate of 
2 per cent. Provision is made to retire 
all of the indebtedness from revenues 
by 1962. 

The funded debt of the Des Moines 
Water Board, which is approximately 
10 per cent of book cost, is only about 
5 per cent of its present value. 

Figure 2 shows the relation between 
invested capital and debt for the Louis- 
ville (Ky.) Water Co., another munici- 
pally owned utility that has done an 
outstanding job of advance planning 
and coordination of construction and 
financing programs. The Louisville 
debt is now about 17 per cent of the 
book cost and less than 10 per cent of 
its fair value, based on current con- 
struction costs and depreciation. - 


Capital Requirements 


Of course, the amount of water util- 
ity revenue required for financing of 
capital expenditures at any one time 
depends on the state of the economy 
and the purchasing power of the dollar. 
In a study made by the author prior 
to World War II,’ it was found from 
a study of the records of 100 water 
utilities that, for the period 1925-45, 
the investment in new construction 
averaged $1.34 per capita per year. 
During this period the Engineering 
News-Record (ENR) _ Construction 
Cost Index averaged 237 (1913 
= 100). As of the summer of 1959 
the ENR Index was about 800. The 
1925-45 capital additions, in terms of 


current (1959) construction dollars, 
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would be approximately $4.25 per cap- 
ita per year. 

The growth in capital expenditures 
for water supply facilities during 
1945-55, as analyzed by Harris F. 
Seidel and E. Robert Baumann,? shows 
that during that 10-year period the 
average growth in capital account had 
been $3.00 per capita per year for 
public plants and &nly $0.80 per capita 
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The 1925-45 investment of $1.34 
per capita per year was approximately 
25 per cent of the gross water reve- 
nue during those 20 years. Des 
Moines, which had a book account of 
$10,238,966 at the end of 1945, added 
$8,948,195 in the next 13 years, the 
equivalent of $3.37 per capita per year. 
In those 13 years, the gross revenue 
varied between approximately $6.00 


Invest 


nent 


Amount —- $ 1,000,000 


Equity Built From Revenues 
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‘Fig. 2. 


1935 1940 
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Year 


1960 


Funded Debt and Investment of Louisville Water Co. 


The growth in capital account during 1930-59 was $29,933,540; growth in debt was 


$6,921,000; equity growth (from revenues) was $23,012,540. 


Thus the percentage of 


capital account paid for through earnings during the same 28-year period was 77 per 
cent. 


per year for private plants, a weighted 
average of about $2.50. During the 
same period the average ENR Index 
was about 485. Thus, the construction 
of new water supply facilities did not 
keep pace with the general economy 
even during the 10 years following 5 
vears of war-restricted construction 
during which a large backlog of de- 
ferred construction accumulated. 


and $11.00 per capita, averaging $8.53. 
The expenditure was therefore equiva 
lent to approximately 40 per cent of the 
revenues. During the same _ period, 
Des Moines financed its first 48-mgd 
softening plant from revenues. 

At Louisville, where the capital ac- 
count increased from $24,000,000 in 
1946 to $46,000,000 at the end of 
1958, the increase in capital account 
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amounted to $3.91 per capita per year. 
Of the $22,000,000 capital additions 
Louisville built in the 12-year period, 
$14,000,000 was financed from reve- 
nues, which is equivalent to about 
$2.50 per capita per year, or about 
30 per cent of the gross revenue. 
Thus, Louisville, with a book cost of 
$46,000,000, has only $8,000,000 of 
funded debt. 

The financing of only normal, rela- 
tively continual construction, such as 
distribution mains, services, and me- 
ters, probably requires an average ex- 
penditure of $2.50 per capita per year 
at present (1959). 

The total capital requirement of a 
growing water utility at the present 
time is approximately $1,000 for each 
new service. Probably about two- 
thirds of this goes for routine exten- 
sion requirements and about one-third 
for periodic enlargement of supply, 
treatment facilities, and feeder mains. 
It is advantageous to finance both 
types of construction from earnings as 
much as practicable. 


Rates and Regulation 

Ordinarily, because the rates of pri- 
vately owned utilities are controlled in 
most states by regulatory commissions, 
the public fails to realize that it is 
represented in the fixing of water rates. 
With the exception of a very few 
states, of which Iowa is one, the rates 
of all privately owned water utilities 
are fixed by public utility commissions. 
Only about one-fourth of all the water 
utilities in the United States are pri- 
vately owned, however, and in only six 
states are the rates of municipal water 
works fixed or approved by regulatory 
commissions. Accordingly, the rates 
of 65-75 per cent of United States water 
utilities are fixed by the community 
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they serve, usually by a city council. 
Members of city councils usually have 
very little familiarity with water supply 
in general, not to mention the financial 
requirements of water utilities. The 
responsibility for adequate water rates 
and financial stability in the majority 
of cities, therefore, rests primarily upon 
water utility managements, and it is 
their job to present the pertinent facts 
to those who set water rates. One of 
the most useful tools of management, 
in this connection, is a good annual 
report. 

Some communities are fortunate in 
that the administration of the water 
utility is vested in a special board, usu- 
ally with overlapping terms of offices 
to insure experienced leadership and 
comparative freedom from political in- 
terference. Most such boards do not 
have the authority to increase rates, 
but they are obliged to advise elected 
community officials of the financial 
needs of the water utility. When addi- 
tional revenues are needed, it is the 
obligation of the board to be well in- 
formed of requirements so that they 
can present them convincingly to those 
who pass on rate changes. 


Realistic Rate Structures 

As rates for water service are (or 
should be) set well in advance of their 
effective date and are intended to pro- 
vide for the future, it is the require- 
ment of the period during which the 
rates will be operative that should be 
considered when rates structures are 
designed. 

Operation and maintenance expenses 
are never static. Water utility opera- 
tion and maintenance costs have in- 
creased from $2.40 per capita in 1925 
to $3.35 in 1945 and $5.65 in 1955. 
The increase in per capita operation 
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and maintenance costs during 1945—55 
was 69 per cent, or about 7 per cent 
per year. The increase in operation 
and maintenance costs has also been 
related to production. The Seidel- 
Baumann analysis showed operation 
and maintenance costs per unit pro- 
duction had increased 56 per cent in 
municipally owned water utilities and 
94 per cent in privately owned utilities 
between 1945 and 1955. The weighted 
average increase was approximately 66 
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dex. It should be noted from the 
graph that operation and maintenance 
costs per million gallons in these three 
plants that made changes in water 
treatment increased an average of 108 
per cent for the 10 years, 1945-55, 
which is an average annual increase of 
10.8 per cent per year. This increase 
is about 50 per cent greater than the 
average 1945-55 figures analyzed by 
Seidel and Baumann. Special factors, 
such as treatment improvements that 
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Fig. 3. 


Changes in Operation and Maintenance Costs for Three Midwestern 


Water Utilities, 1945-58 


& ‘ost comparisons are based on the cost per million gallons produced. Curves L, DM, 
and C represent Louisville, Des, Moines, and Chicago, respectively. 


per cent, again nearly 7 per cent per 
vear. 

The effect of improved service upon 
operation and maintenance costs is il- 
_lustrated by Des Moines and Louis- 
ville, where softening was introduced, 
and by Chicago, where filtration of part 
of the supply was begun after World 
War II. The data for these cities are 
shown in Fig. 3, together with com- 
parable data for the Engineering 
News-Record Construction Cost In- 


may affect future operation and mainte- 
nance costs, vary greatly and must be 
considered in fixing future rates. 

Since the end of World War II, pri- 
vately owned water utilities have suf- 
fered by the unwillingness of many 
regulatory bodies to recognize two 
things: (1) that dedication to public 
use begins when funds are secured and 
contracts are let for construction rather 
than when the facilities go into opera- 
tion at some later date, and (2) that 
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operation and maintenance costs are 
likely to be materially higher when the 
facilities are finally put to use than 
when plans and hearings are begun. 
Rate hearings before commissions usu- 
ally extend over a period of 6-12 
months. As a result, the return al- 
lowed the company usually suffers 
substantial attrition before the new 
rates become effective; of course, the 
discrepancy increases as time goes 
on. 

Some regulatory commissions. still 
employ the original cost less the re- 
serve as the rate base, even though, as 
shown in Fig. 4, the cost of reproduc- 
ing older facilities is usually more than 
double the cost of the original facilities. 
It is, after all, the facilities rather 
than the dollars that are being used, 
and the dollars received for water serv- 
ice buy no more than other dollars; 
they must pay for improvements at 
present prices, not historical prices. 

In view of all these things, it is not 
too surprising that during 1945-55, 
while municipally owned water utilities 
added $30 per capita in their invest- 
ments, privately owned water utilities 
added but $8 per capita. This is fur- 
ther confirmation of the fact that ade- 
quate revenue is essential to, and a 
forerunner of, good service. During 
the same 10 years, the taxes paid by 
privately owned water utilities in- 
creased 115 per cent. 

Failure to consider the fundamental 
factors outlined above, is to the public 
detriment. The public wants and is 
entitled to good service, but good serv- 
ice can be provided only under fair 
rates. One need only examine the 
comparative figures, which show that 
municipally owned water utilities have 
expanded nearly four times as fast as 
privately owned utilities, to see the 
results of backward policies on 
regulation. 


AND 


PLANNING 
Gross Revenue Requirements 

In municipally owned utilities, esti- 
mates of the gross revenue requirement 
are based on: 


1. Operation and maintenance costs 
(as estimated for 2-3 years in ad- 
vance of a proposed rate change) 

2. Debt service on obligations out- 
standing and to be issued in the suc- 
ceeding 3—5 years 


250 


Reproduction Cost + 


+ 


Original Cost 


1940 


0 


1890 1920 1930 1950 1960 


Year 
Fig. 4. Comparison of Cumulative Origi- 
nal per Capita Cost and Approximate _ 
Reproduction Cost of Water 
Works Construction, 
1890-1960 


1900 1910 


Only a comparison such as the one above 
can be meaningful in analyses of water 
utility investment value. 


3. A depreciation allowance (usu- 
ally 1.5—2 per cent of book costs) 

4. Estimated average annual capital 
additions for the next 5 years. 


The sum of the four items gives the 
total revenue desirable, but it is not 
always entirely practicable to finance 
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7 
the requirements from rates. The first 
decision must be how much of Item 4 
to include in total revenue. When a 
decision has been reached, the total 
must be equitably apportioned between 
the various water 
users. 


é 


4 
classifications of 


Rate Schedules 


It is not the purpose of this discus- 
sion to detail how rate schedules should 
he developed; each situation has_ its 
individual characteristics (The basic 

considerations are excellently set forth 
in the AWWA manual"). There are, 
however, a few criteria that apply 
generally : 
1. A rate schedule with three or four 
user categories is preferred to one with 
several. 
2. Where there is a “minimum bill” 
rather than a “service charge” type of 
rate base, the quantity of water in the 
minimum should be low, preferably 
1,000-1,500 gal per month. In most 
systems, 40-50 per cent of all residen- 
tial consumers use less than 3,000 gal 
per month. The Seidel and Baumann 
analysis showed that the average 
_ monthly minimum bill allowance was 

3,200 gal for municipally owned utili- 

ties and 2,700 gal for privately owned 
utilities in 1955, both being about 10 
~ per cent less than in 1950, The allow- 

ances are still so high, however, as to 
a : place a huge portion of the residential 
users on a flat-rate basis. 

3. The cost of water in the highest 
bracket is usually 3-4 times as much 
as in the lowest bracket, and the two 
extremes usually are nearly equidistant 

the average rate for all water 


trom 
sold. 

4. Water can usually be sold to large 
‘customers at a much lower cost than 
. . 
to the average customer without in- 
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equity or unfair advantage to 
group. 

5. All rate studies require a classifi- 
cation of customer uses, and manage- 
ment can profit from gathering such 
data at frequent intervals. It is gener- 
ally found that less than 1 per cent .of 
the customers or less use as much as 
half of all water sold. 

6. Every rate schedule should be 
as equitable as practicable, but some 
compromises must be made for pur- 


any 


poses of expediency. 

7. Rate changes need not, and usu- 
ally not, disturb customer rela- 
tions, if the customers are advised, well 
in advance, of the necessity for the 
and how it will improve 
service. The most readily acceptable 
change, if the existing rate schedule 
is already reasonably equitable, is an 
across-the-board percentage increase, 
applicable to all users. 

8. The amount of the rate change is 
not of primary importance. Chicago 
has had two raises in 8 years of 50 
per cent and 33 per cent, respectively, 
with no complaints. 

9. It is the author’s view that 
quent rate changes are more annoying 
to the customer than a single large 
increase. Widely spaced increases of 
20-50 per cent are to be preferred to 
more frequent increases of 10-20 per 
cent. 

The customer inside the city should 
be supplied at cost. This includes 
proper provision for financing growth, 
of course, but fixed charges should be 
made only on outstanding debt. Users 
outside of the municipality should pay 
rates based upon a fair return on the 
fair value of the entire property. The 
application of such a utility rate base 
to users outside the city usually results 
in rates that are 50-75 per cent higher 
than city rates. 
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Summary 


A public that appreciates good water 
service and is kept well informed of 
utility needs is usually willing to pay 
the cost of that service. 

The actual difference in cost, to resi- 
dential consumers, between mediocre 
and good water service rarely exceeds 
0.5 cent per capita per day. 

Every water utility, large and small, 
can afford and should have sound ad- 
vance planning. Advance planning fa- 
cilitates the financing of new construc- 
tion from current revenues and results 
in a inaterial saving in the cost of water 
service. Advance planning for con- 
struction and financing reduces the ne- 
cessity for bond elections, which may 
cause consumer agitation. 

Public water supplies must continue 
The necessary to 
finance that growth must come from 
whether directly or 
Adequate revenue is, there- 


to grow. money 
water revenue, 
indirectly. 
fore, a 


to gor od water 


prerequisite 


service. 


REVENUE AND PLANNING © 


In general, city councils, which fix 
water rates for United States 
cities, have authorized rates that per- 
mitted greater expansion than privately 
owned utilities, many of which are 
under unrealistic regulation, can afford. 
Publicly owned utilities have doubled 
their per capita debt in the last decade, 
whereas the privately owned utilities 
have kept their per capita debt almost 
constant. More than half the cost of 
plant additions in municipal 
plants was by funded debt. 

More municipally owned _ utilities 
would do well to finance construction 
with less borrowing, and it could be 
done, simply by more careful planning. 


most 


water 
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Earnings of Municipally Owned Utilities 
in Wisconsin 


Orville P. Deuel 


A contribution to the Journal by Orville P. Deuel, Rate Analyst, 
Public Service Commission of Wisconsin, Madison, Ws. 


ITH regard to the amount of the city. The fairest method of doing 
earnings proper for a munici- this is for the water department to pay 
to the city an amount equal to the taxes 
that would be paid by a privately owned 
utility, and for the city to pay for the 
service it gets from the water depart- 
ment. Money should not be taken from 
be any earnings at all, inasmuch as ine water department and used by the 
city to reduce taxes. 


vy owned utility serving citizens of 
the municipality—who might be com- 
pared with stockholders of a corpora- 
tion—one might ask why there should 


One answer, of course, is that the citi- 2 ee 
as property owners and_ tax- A Wisconsin municipality that has 


payers, do not contribute to the com- decided to pay itself a dividend from 


- munity an amount commensurate with utility earnings must make such pay- 
ments in accordance with the provi- 


their use of utility service. It is con- 
ceivable that the citizen paying the S!0MS of the Wisconsin statutes. The 
: use of funds of a municipally owned 


utility must be in accordance with Sec- 
tion 66.069(1) of the statutes.  In- 
come of a public utility owned by a 
municipality must first be used for 
operational, maintenance, depreciation, 
interest, and sinking fund  require- 
ments, local and school tax equiva- 
lents, additions, improvements, and 
other necessary disbursements, and in- 


the municipal utility and that the best 
utility customer may not pay a signifi- 


munity. For these reasons, it is fair 
to have payments of utility rates cover 
— the full cost of utility operation, and 
to have profits or dividends (appro- 
-priations to municipal funds) for the 
citizen owners. For convenience, ap- 
propriations to the municipality will debtedness. Income in excess of these 
: requirements may be used to purchase 

certain specified interest-bearing bonds 
or insurance on the life of an officer 
: : or manager of the utility, or may be 
partment of water, light, and power of paid into the general fund. Payments 


be referred to as dividends. 
An opposite view was expressed by 
S. T. Anderson,’ formerly of the de- 


— Springfield, HI: into the general fund are comparable 
to dividends paid by a corporation to 
its stockholders. 

In addition to these provisions, the 


A municipally owned utility should not 
be operated for profit, only to have this 
profit diverted to other departments of 
the city or village, but it should, through same section of the statutes contains a 


the water department, pay its share to statement on the use that may be made 
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of water utility funds. This statement 
enumerates most of the items in the 
paragraph on all municipal utilities, 
but omits the statement on a_ tax 
equivalent. This omission may or may 
not show an intent to exempt water 
utilities from a tax equivalent. It is 
stated that water utility funds may be 
used for sewerage construction work, 
which is not mentioned in the section 
on utility income. 

In order to discuss a payment that 
would correspond to the dividends of 
a privately owned utility, it is necessary 
to consider the entire relationship be- 
tween the municipality as a govern- 
mental unit and the municipality in its 
capacity as a public utility. To do 
this, consideration must be given to 
charges for street lighting and other 
municipal uses of electric power, and 
charges for fire protection and other 
water service made available to the 
community. Also to be considered are 
the tax equivalent, depreciation ex- 
pense, and the rate base of the utility, 
together with a return on the rate base. 


Payments for Utility Services 


It might be said that the payments 
for utility services rendered the mu- 
nicipality are commensurate with the 
benefit that the taxpayers derive from 
the utility tax equivalent and from a 
utility dividend paid into the general 


fund. This would be right if the 
amounts were equal, because it is true 
that the payment by taxpayers for util- 
ity service will increase taxes; the re- 
ceipt of a water utility tax equivalent 
and dividend will reduce taxes. There 
are two important reasons why the 
problem cannot be handled in such a 
simple manner. First, a public utility, 
regardless of ownership, may not law- 
fully render free service; and, second, 
if such a policy were followed, the cost 
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of providing the free service would fall 
on the ratepayers of the utility. Un- 
less the amounts—that is, tax equiva- 
lent plus dividends—exactly equaled 
the value of free service provided, an 
unequal distribution of cost would 
result. 


Tax Equivalent 

The basis for a tax equivalent is 
found in the Wisconsin statutes. If 
there was at one time doubt as to the 
intent of the statutes with respect to 
a water utility tax equivalent, the pub- 
lic service commission has removed 
that doubt by establishing Sections 
PSC 109.01 to PSC 109.05 of the 
Wisconsin administrative code. The 
importance of the tax equivalent in 
municipal utility management is shown 
by the fact that tax equivalents charged 
to public utility operation by 166 Class 
A, B, and C municipally owned public 
uitilities in 1958 totaled $2,285,000. 
(In 1958, Class A and B utilities were 
those with revenues greater than 
$150,000. Class C utilities were those 
with revenues of $30,000-$150,000. ) 

Municipaliy owned property is ex- 
empted from taxation by Section 
70.11(2) of the statutes; therefore, 
only the tax equivalent applies. Mu- 
nicipal utility plant and equipment— 
except for water plant—situated out- 
side the municipality is taxed by the 
state department of taxation in the 
same manner as privately owned utility 
property located in more than 
municipality. 

The term “tax equivalent” raises the 
question “equivalent to what?”. The 
public service commission has assumed 
that the term means an amount equiva- 
lent to the tax that would have been 
imposed on a public utility property not 
owned by a municipality. The under- 
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sessed on a full market value basis in 
the same manner as general property 
is assessed. The average of the tax 
rates of the various municipalities in 
the state is applied to the assessed 


value sc determined. 
The tax equivalent 
utilities could not 


for municipal 


be determined in 


exactly the same manner as for utilities 


assessed by the state. The method set 
forth in the state administrative code 
represents what is considered a work- 
able compromise between the use of 
the average state rate and the assessed 
value and data available to local offi- 
cials. The method used to find the 
maximum tax equivalent of a munici- 
pally owned utility relates the book 
value of the utility property to the 
general property in the 
municipality by reducing or increasing 
the book value. This is done by multi- 
plying the book value by the ratio of 
the local general assessment to the full 
value, as found by the state department 
of taxation. The actual local and 
school tax rates are applied to the as- 
sessed value so determined. With util- 
ity property taxed by the state, 65 per 
cent of the tax reverts to the local gov- 
ernment. In most municipalities,, local 
and school taxes exceed 65 per cent 
of the total tax rate. If the assessed 
valuation used for municipally owned 
utilities approximates that of a com- 
_ parable public utility taxed by the state, 
the tax equivalent may exceed the 
amount that would be received by the 
local government from taxes on pri- 
vately owned utility property. 


assessment 


Depreciation Expense 

Another item to be considered in 
connection with any profits of a munici- 
pally owned utility to be paid into the 
general fund is depreciation expense. 
This is an annual charge made for the 
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purpose of recapturing the investment 
in utility plant in equal annual amounts 
spread over the life of the plant. 
Funds so obtained may be placed in a 
separate fund and used to meet part 
of the cost of current additions and 
replacement of plant. Depreciation ex- 
pense is important to a discussion of 
utility earnings, because the needs of 
the utility for funds to be used for 
capital improvements must be consid- 
ered in connection with funds available 
for payment into the general fund. 
The fact that a utility has accumulated 
some cash and securities does not nec- 
essarily mean it has funds available for 
payment into the general fund. The 
accumulation or savings may represent 
accrued depreciation funds. 


Return on Rate Base 

A municipally owned utility is al- 
lowed revenues of an amount sufficient 
to provide a reasonable return on the 
rate base, in addition to operating 
expenses, a tax equivalent, and depre- 
ciation expense. The rate base on 
which the utility is permitted to earn 
a return approximates the book cost 
of utility property and plant, less the 
depreciation reserve and any customer 
contributions. 

The basis for a return on the rate 
base of a municipally owned utility is 
stated in the statutes in Section 66.069 
(1)(e): “Any city, village, or town 
owning a public utility shall be entitled 
to the same rate of return as permitted 
for privately owned utilities.” For 
many years, the rate of return on the 
rate base of municipally owned water 
utilities has approximated 5.5 per cent; 
for electric utilities, 6 per cent. 

In some instances, the return on the 
rate has been confused with a 
return based on the capital paid in by 
the municipality account, sometimes re- 
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ferred to as the municipal equity. In 
terms of corporation vocabulary, the 
capital paid in by the municipality 
might be compared to common stock. 
As such, this capital would be a useful 
measure of the dividends paid to the 
municipality in terms of a return on 
the original cost of the capital stock. 


Dividends 


It seems that the municipally owned 
utility must, under the Wisconsin stat- 
utes, use its return on the rate base 
for additions and improvements when 
funds are needed for those purposes. 
The requirement would not prevent 
borrowing in any year in which there 
is a construction program of unusual 
magnitude, but borrowing by a mu- 
nicipality is governed by statutes and 
cannot be considered in the same man- 
ner as borrowing by a corporation. 
A privately owned utility may, and 
sometimes borrow money for 
construction or expansion, and the debt 
created will never be repaid. The 
bonds become a permanent part of the 
corporate financial structure, and inter- 
est is paid from utility earnings. Mu- 
nicipally owned utilities may issue only 
serial bonds for long-term obligations, 
and the bonds may not extend beyond 
a specified number of years. This 
means that after revenue bonds are is- 
sued, the municipally owned utility 
must, from its earnings, make regular 
payments on the principal and also pay 
the interest. This fact may explain the 
failure of many municipally owned 
utilities to make payment of a sum into 
the general fund in lieu of dividends 
that would be comparable with divi- 
dends of a privately owned _ utility. 
The payments to reduce the indebted- 
ness will add to the surplus and, there- 
fore, to the owner’s equity, but such 
payments will use up funds that might 
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otherwise have been available for divi- 
dends to the city or village. This may 
be a partial explanation of the fact that 
in 1958 only 12 of 87 Class A, B, and 
C municipally owned water utilities 
paid a cash dividend, and only 32 of 88 
electric and joint electric and water 
utilities paid a cash dividend. 

There should be no question as to 
the right of a municipally owned utility 
to pay a dividend if funds are available 
for that purpose. Funds will be avail- 
able if rates are sufficient to provide a 
reasonable return on the rate base 
and if prior obligations for construction 
or debt service do not use up the earn- 
It should be noted that as earn- 
ings are used for construction or debt 
retirement, the citizen stockholders will 
be enriched by the increased equity in 
the utility plant, which will be revealed 
in the surplus account. 

Usually a municipally owned utility, 
as well as a privately owned utility, 
will prefer to maintain a_ relatively 
consistent dividend policy. Such a 
policy, in either utility, is within the 
discretion of management, with the 
limitations that there must be provision 
for funds needed to insure adequate 
service at all times and that a munici- 
pality must comply with the statutes 
on the use of funds. 


ings. 


Current Ratio 


It is possible to use certain guides 
to determine when the balance between 


revenues and expenditures, including 
capital expenditures, is such that divi- 
dends may be paid without jeopardiz- 
ing the financial assets of the utility. 
One such guide would be a device used 
by investors to judge the balance 
sheet of a corporation. The device, 
known as a “current ratio,” is obtained 
by dividing current assets by current 
liabilities. For a public utility, cur- 
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rent assets usually consist of cash, gov- 


ernment securities, accounts receivable, 
and materials and supplies on hand. 
The current liabilities include accounts 
payable, accrued taxes, accrued wages, 
accrued interest, and other accrued ex- 


penses. A desirable ratio at the end 
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Fig. 1. Financial Records of 
Large Water Utility 


Construction expenditures, included in 
the curve of funds used, varied from 
$290,000 in 1949, to $926,000 in 19506. 


of the year for a relatively stable util- 
ity is comparatively low if bills are 


with a 
and 
pro- 


rendered monthly. A _ utility 
current ratio three or better, 
with no imminent construction 
gram or needs, would probably be in 


a position to pay a dividend without 


of 
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jeopardizing utility operations. In any 
event, the utility's financial operations 
for several years should be surveyed 
to find the desirable ratio. If the cur- 
rent ratio falls below that found de- 
sirable, the operations should be ex- 
amined to determine the cause. If the 
cause was temporary—an unusual ex- 
penditure not likely to recur, for ex- 
ample—or was the result of using cash 
for a completed construction program, 
the situation will often right itself. A 
corporation with an undesirable cur- 
rent ratio might continue to pay divi- 
dends for a time. 

If the ratio is consistently and in- 
creasingly above the mark set as de- 
sirable, and unusual construction 
expenditure needed, the utility 
should either reduce its rates or in- 
crease the amount of dividends to its 
stockholders. When the ratio 
falls the desired standard and 
stays there, it necessary to curtail 
the payments to the general fund 
to increase rates for utility service. 


General Fund 

Whether the municipality pays 
available funds into the general fund 
as dividends on the investment in the 
utility, or deposits such funds in a re- 
serve for future utility construction, 
or reduces its rates, is a matter of 
policy to be decided locally, as long as 
the return on the rate base is not con- 
sidered excessive and funds are used 
in accordance with applicable statutes. 
If all available funds are paid to the 
general fund, it will be possible to 
lower taxes. On the other hand, if 
the funds are placed in a reserve for 
future utility construction, the possi- 
bility of better utility service is en- 
hanced. If earnings above require- 
ments are used to reduce rates, the 
municipality will be in a better position 
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competitively with other communities 
and, as a result, may attract industries 
and people. In this way, the munici- 
pality can increase its wealth and the 
base on which to coilect taxes. It 
would seem that the question involved 
in a policy decision on the payment of 
dividends to the general fund by a mu- 
nicipally owned utility is not a simple 
one, and that at least the two alterna- 
tives mentioned previously must be 
considered by the management of the 
utility. 

In 1958, only five Class A and B 
municipally owned water utilities paid 


dividends into the general fund; these 


TABLE 
Revenue and Dividends of Munictpally Owned Utilities 


No. of 
Utilities 


Utility 
Class* 
Aand B 
A and B 


Utility 


electric and water 36 
water only 25 


| 
| electric and water $2 
| water only 62 


Total 
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and water utilities and 62 water utili- 
ties, showed that only of the 114 
paid a dividend in 1958. Class C mu- 
nicipally owned utilities that paid 
money into the general fund included 
12 of 43 joint electric and water utili- 
ties, 4 of 9 electric utilities, and 7 
of 62 water utilities. Gross revenues 
of the 114 Class C utilities totaled 
$4,000,000; net revenues were about 
$1,300,000; tax equivalent, $750,000; 
and dividends, $92,000. A summary 
of these data is presented in Table 1, 
which shows that net operating reve- 
nues of 175 municipal utilities totaled 
$7,577,000, and the dividends paid 

| 


1958 


No. Paying | Net Revenues Dividends 
Dividends $1,000 $1,000 


403 
124 
48 
44 


619 


* Class A and B utilities are those with revenues greater than $150,000; Class C utilities are those with reve 


nues of $30,000-$150,000. 


dividends were relatively small. All 
25 of these utilities—with gross reve- 
nues aggregating $17,000,000—paid 
tax equivalents of approximately 
$2,400,000, had earnings of $3,732,000, 
and paid $124,000 to the general fund 
in lieu of dividends. 

A total of 36 Class A and B com- 
bined electric and water utilities, with 
gross revenues of about $18,000,000, 
had net revenues of about $2,500,000 
and paid tax equivalents totaling 
$1,000,000. Of these, 16 utilities paid 
dividends to the general fund, which 
for the group totaled about $400,000. 

A survey of 114 Class C utilities, 


includin ng 
. 


52 electric or joint electric 


were $619,000, or approximately 8 per 
cent of the net earnings. 

A second measure of the ability of 
a municipally owned utility to make 
payments to the general fund is ob- 
tained by a survey of present and 
future requirements, usually made by 
a competent engineer. The survey is 
the basis for estimating the utility’s 
needs for capital funds. If the survey 
shows that needs can be met from earn- 
ings, any income in excess of require- 
ments for construction would be avail- 
able for dividends. If the needs for 
capital additions exceed the available 
funds, then borrowing will become 
necessary. If money is borrowed, then 
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the determination of the availability 

funds for dividends becomes a 
of determining the utility’s 
needs to meet debt service obligations. 
Any available amount in excess of re- 
quirements for debt service might be 
considered for payment into the gen- 
eral fund. 


Financial Relationships 


municipally 
owned utilities that usually pay a divi- 
dend were studied in order to deter- 


Funds Used 


Records of several 


90 


I 
\ 


vailable 
Funds 


fet Net Revenues 


Dividends 


T 
1954 1956 


Year 


1952 


Fig. 2. Financial Records of 
Small Water Utility 
The 


annual dividend represented 9-40 


per cent of the net revenues. 
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Fig. 3. Financial Records of Joint 
Electric and Water Utility 


Net revenues plus depreciation expense 
exceeded construction cost plus debt serv- 
ice in each year that a dividend was paid. 
relationship between dividends paid 
and other demands on available funds. 
Some results are shown in Fig. 1-3. 
The curves for available funds include 
earnings, borrowings, and any increase 
in current assets. The curves for 
funds used include expenditures for 
construction, debt dividends, 
and a decrease in current assets. Dif 
ferences from year to year can be ac 
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Feb. 1960 UTILITY 
counted for by the fact that current 
iabilities, such as accounts payable, 
nay have shifted an obligation from 
me year to the next. Dividends of 
the utility were computed with a for- 
mula related to the municipal equity. 
Construction expenditures of the water 
utility shown in Fig. 1, which are 
ncluded in the curve of funds used, 
varied from $290,000 in 1949, to 
$926,000 in 1956. Construction plus 
debt service of this water utility ex- 
ceeded net income plus depreciation 
expense and contributions in 4 of 10 
years in which a dividend was paid. 

Figure 2 shows the record of a 
smaller water utility. The dividends 
were small and were maintained at a 
constant level. The annual dividend 
represented 9-40 per cent of the net 
revenues. 

The utility records 


whose are 


shown in Fig. 3 is a joint electric and 


water utility. Net revenues plus de- 
preciation expense exceeded construc- 
tion cost plus debt service in each year 
that a dividend was paid. The amount 
of the payment to the general fund, 
referred to as a dividend, varied in 
an irregular manner; no information 
is available on how the amount was 
determined. 

If a utility maintained a graphic 
representation of its financial picture, 
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it could determine, with relative ease, 

the direction of its available fund bal- 

ance and what must be done to main- 

tain conditions under which a dividend 

may be paid to the citizen owners. 


Summary 


Dividends of municipally owned 
utilities must be paid in accordance 
with the statutes. The requirements 
for debt service will reduce the amount 
available to the general fund, as will 
new construction. A municipality 
owning a utility should determine a 
course to be followed and then balance 
the capital required for plant invest- 
ment with funds available for all pur- 
poses. If a steady dividend policy is 
maintained, the utility will probably 
resort to borrowing in a_ relatively 
short time. The fact that some mu- 
nicipally owned utilities were acquired 
or constructed with borrowed funds 
and have little or no municipal equity, 
probably accounts for the fact that 
dividend payments are relatively few 
and do not constitute a high percent- 
age of net revenues. "T 
Reference 

Procedure for Ks- 
Rates—Municipally 
Jour. AWWA, 


1. Anperson, S. T. 
tablishing Water 
Owned Utilities. 
51:1019 (Aug. 1959). 
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Municipalities, Contractors, and Engineers— 
a Lawyer's Viewpoint 


Richard H. Tunstead 


| Ms al paper presented on Sep. 17, 1959, at the New York Section Meeting, 


Saranac Inn, N.¥., by Richard H. Tunstead, Partner, Spencer & 


Tunstead, Attorneys, New York, N.Y. 


LTHOUGH there is much formal 

literature on the laws concerning 
municipalities, contractors, and engi- 
neers, it is hoped that a lawyer’s view- 
point on the relationships among these 
groups may be of value. 
Municipalities 

Municipalities are public corpora- 
tions whose officers may be appointed 
or elected. In either event, they are 
limited in their actions by the laws 
that created their municipalities. The 
actions of officers are subject to politi- 
cal review and, in many instances, re- 
sult in personal harassment. Legisla- 
tures have often attempted, with vari- 
ous statutes, to make municipal officers 
more honest than the average man. 
No matter how well intentioned these 
attempts are, they severely limit free- 
dom of action. In addition, the officers 
generally are limited by the appropri- 
ations that have been provided for their 
activities. 

It would seem logical, when anyone 
is dealing with a municipality, that 
he would inquire about the authority 
of the officer with whom he deals and 
about the availability of appropriations 


for the matter at hand, if payment is 


= 


involved. Apparently, very few  per- 
sons are willing to make such an in- 
quiry ; those who are not, must be pre- 


| 


pared for tragic consequences. This 
precaution is pertinent to engineers in 
the early stages of planning a public 
work. It is suggested that, early in 
the planning phase, those dealing with 
municipalities make searching but dis- 
‘reet inquiries into the authority— 
financial and otherwise—of the various 
officials for whom the project is being 
planned. In dealing with municipali- 
ties, it is always wise to remember that 
moral commitments or informal or 
gentlemen’s agreements with public 
officials are meaningless, not because 
these officials are immoral or ungentle- 
manly, but because they frequently 
may not have the legal power to make 
good on such commitments. 

From time to time, public officials 
must supervise the construction of 
public works, which may be big proj- 
ects. Few of these officials are selected 
on the basis of past experience with 
such tasks, vet the responsibility for 
the success of the project primarily 
rests on them. Obviously, this respon- 
sibility must be delegated to engineers 
and lawyers. Thus, one might also in- 
quire about the qualifications of the 
people to responsibilities are 
delegated. 

Many municipalities have salaried 
public engineers. In small munici- 
palities these men prepare specifica- 
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tions for small public works, lay out 
roads and streets, plan curb and side- 
walk work, plan road repairs, keep the 
local assessment rolls to date, work on 
the local master plan, and do the many 
odd jobs that local engineers can per- 
form. It would be natural for a mu- 
nicipality that has such an engineer to 
turn its construction problems over to 
him. But unless the engineer is wise 
enough to know his limitations, this 
course could work out badly, because 
many projects require experience and 
know-how that the salaried, all-purpose 
engineer does not have. 

Through the years, the engineering 
profession has become more and more 
specialized. There are highway engi- 
neers, sanitary engineers, water works 
engineers, foundation engineers, dam 
engineers, and many others. Public 
projects may require top engineering 
skills, which only a specialist has. 


The consequences of using unquali- 
fied engineers in two particular in- 
stances known to the author may be of 


interest. In one instance, a municipal- 
ity drew its water supply from a nearby 
river valley. Another municipality also 
wanted to use the same source. In 
such a situation, the right to take 
water from a valley must be deter- 
mined by the state water power and 
control commission. The municipality 
that used the valley water asserted that 
there was not enough to supply both 
municipalities, and called as its wit- 
nesses two of the best hydraulic engi- 
neers in the country. For its witnesses, 
the other municipality called its local 
engineer and a local well driller to 
testify that there was ample water. 
The result of the hearing is obvious. 
The experts carried the day. Subse- 
quent events showed that there was 
insufficient water for both municipali- 
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ties and that the experts and the water 
power and control board were both 
correct. 

In the second instance, the question 
before the court was the valuation of 
the Croton Dam. The nearby town 
was trying to uphold an assessment it 
had made on the dam; New York City, 
as owner, was trying to have the as- 
sessment value reduced and the ac- 
crued taxes refunded. During the 
trial, the town used as its expert the 
town engineer, who had never built a 
dam. He could not make his testimony 
stand up under cross-examination. 
The town lost. In this case, a local 
school district that would have had to 
pay a part of any tax refund owed to 
New York City had the decision re- 
versed and a new trial ordered. On 
a retrial, using as its expert one of the 
foremost dam builders in America, the 
local authorities won their case. The 
amount of taxes involved in this liti- 
gation was more than $600,000. The 
expert’s fee was about $3,500. This 
tells its own story. 

Probably the failure of municipal 
officers to recognize the need for spe- 
cialized engineering services the 
basis of the often repeated expression, 
“small municipalities suffer from poor 
engineering.” But the need for special- 
ist engineers is beginning to be under- 
stood by public officials. Many small 
municipalities now have specialists 
doing their work. 

Municipalities often expect too much 
from an engineer, who can only work 
with the tools he is given. Frequently, 
the municipality is unwilling to test 
materials properly or to pay for a spe- 
cial consultant. In spite of all, an engi- 
neer is expected to get his job done. 
Good public works are achieved with 
good engineering and adequate funds, 
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rather than with good intentions and 
insufficient budgets. 
To avoid added where soil- 


costs 


— quently state that the boring logs are 


not guaranteed, that they are not part 
of the contract documents. In such 


attorney to draw up a contract under 
which the contractor assumes all risks 

of unexpected subsurface conditions. 
This does not work too well, because 
contractors have seen this trap too 
often and have learned to protect them- 
selves from it. The books are full of 
eases when contractors have sued for 
damages for misrepresentation of sub- 
surface conditions ; and they frequently 
win, generally on the theory that the 
municipality had other information on 
conditions which it did not dis- 
close. The United States Army Corps 

of Engineers, probably the largest con- 


- tracting unit in the country, has met 
he subsurface situation so many times 
that it has developed the well known 


“changed conditions” 


fact that this clause is 

bases for low Army bids. 
The author’s law firm, after draw- 

ing up many public contracts, believes 

it good policy to make contracts so 
clear and so fair that the contractor 
knows exactly what he is supposed 
to do and bids accordingly. Experi- 
ence has shown that this kind of con- 
tract has produced results far hetter 
than those from intricate contracts. As 
the saying goes, “There is no substi- 
tute for good engineering and_ fair 
contracts.” 


It is a 
the 


clause. 
one of 


Contractors 


A bid has been defined as a “darn 
good guess which a contractor will 
hack with his money.” <A contractor 

: 
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studies the contract documents and 
estimates what he must do and what it 
will cost him to complete a job. To 
this estimate, he adds his overhead and 
profit; this is his bid. When he has 
doubts about an aspect of the job, or 
when he finds intricate clauses in the 
contract, he evaluates them as best he 
can, and resolves all doubts in his favor. 
The more risks imposed on him, the 
higher is his bid. To insure his profit, 
he generally overvalues the risks. If 
the risks that the bidder must take are 
reduced, the work will usually cost less. 

A contractor also carefully considers 
the engineer in charge of the work. 
An unfair engineer is a risk that will 
cause the bid to be higher. 

From time to time, a contractor en- 
titled to extra compensation finds that 
he will not be paid for his extra work 
unless he sues the municipality. Some 
engineers will not admit error or in- 
completeness in their contract docu- 
ments, and prefer to have a contractor 
sue the municipality and recover his 
money by way of a judgment. Per- 
haps municipal officers do this for po- 
litical reasons. For instance, if they 
ask for and receive an appropriation 
of $5,000,000 for a particular job, and, 
because of unexpected conditions, the 
job costs $5,500,000, they can ask for 
a supplemental appropriation or let the 
contractor sue for his money. If they 
ask for an extra appropriation of 
$500,000, their cost planning may look 
bad. If the municipal attorney loses 
a suit to the contractor, that is the 
attorney's fault, not theirs. 

Claims can be adjusted as the job 
progresses. It is less costly to settle 
claims before the attorneys get a hand 
in them and enlarge them to the allow- 
able limit. Also, it is cheaper to deal 
with a friendly contractor than with 
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one who thinks that advantage is being 
taken of him. 

The relationships between a_ con- 
tractor and his attorney, with regard 
to bidding and the fulfillment of con- 
struction contracts, merits discussion, 
Rarely, of course, does the contractor 
or his attorney draft the construction 
contract, although this sometimes hap- 
pens in such specialized jobs as_bor- 
ings, pile driving, shoring, or under- 
pinning. Some contract forms pro- 
posed to contractors or subcontractors 
contain unfair provisions that are 
shocking, but very often, in a private 
job, the contractor’s attorney is able to 
rework the contract form and negotiate 
or “hammer out” an acceptable form. 
In public work, however, the contract 
is almost always drafted prior to the 
bidding, and all bidders must bid on 
the same contract. Usually, alert and 
successful contractors have their attor- 
neys review the contract documents 
before the bidding to detect tricky 
clauses. Contractors also have their 
insurance advisers check the costs of 
all insurable risks and indemnification 
contained in the contract documents. 
Very often, because of conferences with 
these advisers, a request will be made 
to the owner’s architect for an inter- 
pretation. Such interpretation, 
freely and clearly rendered, often puts 
the bidder’s mind at ease and generates 
closer 

While the contract work is being 


performed, an attorney serves the con- 


tractor in a different way. When there 
are questions about the job, the con- 
tractor rushes to his lawyer, and the 
owner begins to receive “claim letters.” 
These are often based on a well recog- 
nized principle that when an owner re- 
quires a contractor to do more work 
than is called for by the contract, or 
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causes the contract work to be done 
in a more costly or onerous manner 
than called for by the contract, the 
owner is liable to the contractor for 
the extra cost incurred, plus a reason- 
able allowance for overhead and profit. 
Of course, rarely is the owner himself 
directly responsible for the extra cost; 
the engineer usually is, sometimes at 
the owner’s direction or on his behalf. 
Contractors are aware of this extra- 
cost principle; so are their attorneys. 
But there have been instances when it 
seemed that the engineer or owner was 
unaware of it. 


Engineers 


One may wonder why engineers pay 
so little attention to their own contract 
rights. The author cannot recall being 
asked to draft many contracts for engi- 
neer clients, but has seen some very 
poor contracts engineers have made for 
themselves. It is also puzzling to find 
engineers and architects trying to draft 
public and private construction con- 
tracts. This is not an engineer’s work, 
but an attorney’s work; frankly, most 
engineers who try to draft a contract 
do not manage very well. The reason 
for this is simple. Engineers are disci- 
plined to express themselves with for- 
mulas and figures; attorneys are disci- 
plined in the use of words. In the 
drafting of contracts, clarity of expres- 
sion is of primary importance. 

A lawyer's advice to engineers might 
include : 

1. Draw specifications so that they 
clearly tell the contractor what he must 
do, and under what conditions. 

2. Ask the contractor to take no 
risks that good engineering methods 
can avoid. 

3. As far as possible, work out pay- 
ment schedules so that there can he 
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no unbalancing of bids. Contractors 
attempt to unbalance bids in order to 
get payment for their investment in 
the early stages of the work. 

4. If there are errors or omissions 
in your plans, go to the owner, admit 
the error, and try to overcome it by a 
fair agreement with the contractor. 

5. Require an attorney to take the 
responsibility for the preparation of 
the contract form itself and for seeing 
that it dovetails into your other 
documents. 

6. Be fair and reasonable in 
inspection and requirements. 

7. Avoid the position, “I am only 
requiring the contractor to do what 
the book says he must do.” This as- 
sertion generally means that you are 
requiring him to do far more than the 
contract requires. At the Wingdale 
Hospital near Pawling, N.Y., the plas- 
tering contract said that all corners 
must be square. The engineer said 
this meant square to 6 ft on each side 
of the corner. One never saw walls 
so square—but it cost the state hun- 
dreds of thousands of dollars. To re- 
quire perfection where perfection serves 


your 


no purpose is to waste money. 

8. Treat the contractor fairly. If 
he knows before the bidding that he 
is dealing with a fair-minded engineer, 
the bid will be lower. 
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Attorneys 


Many law firms specialize in work 
for municipalities, engineers, and 
contractors. One might inquire about 
the reasons that attorneys become in- 
terested in the construction field. 
Some young lawyers start their careers 
with, and remain with, firms that spe- 
cialize in this field. Some attorneys 
study both engineering and law, and 
develop a following in the field. Oth- 
ers more or less drift into the field be- 
cause some of their clients become 
interested in the construction industry. 

Another inquiry might concern the 
qualifications that make a good lawyer 
in the construction field. Of course, 
he must be well trained in law. He 
must be a realistic person in order to 
understand the practical side of what 
He should be able to 
read and understand plans and specifi- 
If an attorney, in addition to 


is being done. 


cations. 
representing contractors and engineers, 
is to represent municipalities, he must 
understand _ the of public 
finance and the laws applicable to the 
type of municipality or authority he 
represents. He must have some abil- 
itv in the field of public relations, for 


problems 


attorneys, like engineers, must be able 


to inspire confidence. 
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Industrial Use and Conservation at Kingston 


A paper presented on 


William Helmrich 


Apr. 9, 1959, at the New York Section Meeting, 


Rochester, N.Y., by William Helmrich, International Business Ma- _ 


chines Corporation, Kingston, N.). 


HE author’s firm, which is one of 
the large manufacturers of busi- 
ness machines and electronic equip- 
ment, has a plant located at 2 mi north 
of the city of Kingston, N.Y., in the 
town of Ulster. The city of Kingston 
has a population of 30,000 and enjoys 
a water supply of excellent quality, 
which it draws from a reservoir system 
through gravity feed at a rate of ap- 
proximately 5 mgd. The pipelines of 
the Kingston system pass approxi- 
mately 4 mi south of the plant property. 
Prior to the construction of the plant 
at Kingston in 1954, it was decided 
and agreed upon by local and state of- 
ficials that Kingston water could be 
made available in the quantities re- 
juired by the plant. The city water 
lines were tapped with a single 12-in. 
feeder, which is the only water source 
for the plant; the plant is the largest 
single user on the city system. 

The Kingston plant is located on a 
site of approximately 200 acres; the 
tual building area is 900,000 sq ft 
including manufacturing areas, offices, 
laboratories, warehouses, a boiler plant, 
in industrial-waste treatment plant, 
ind some minor structures. 


Water Uses 


The major water requirements of 
the plant are (Table 1): 

1. Sanitary use, cafeteria use, drink- 
ing water, vending machines, and other 
lomestic uses 


2. Industrial use, which is the larg- 
est use, in the plating area, the etched- 
card area, the paint shop, and the heat 
treat area 

3. Boiler makeup water, cooling- 
tower makeup, and bearing cooling 

4. Waste treatment, including all 
sanitation industrial wastes 
(Wastes must be treated so that they 
can be safely discharged into Esopus 
Creek, which has a relatively small 
flow (20 cfs). The stream is used by 
farmers to water cattle, and it is used 
for fishing, swimming, and_ other 
recreation. The plant’s responsibility 
for proper treatment is, therefore, very 
great. In the treatment of plant 
wastes, large quantities of dilution 
water are necessary to insure absolute 
safety of the discharge. ) 


TABLE 1 4 
Breakdown of Water Use at 


Kingston Plant 


Avg Use 
Use Category gpd 
General domestic and 80,000 

sanitary 
Industrial 
Boiler makeup and 

cooling tower 
Waste treatment 
Fire protection 
Roof flooding, lawn 

sprinkling, and mis- 


480,000 


160,000 
30,000 


cellaneous 50,000 
Total* 800,000 
* Varies from a summer maximum of 900,000 gpd to 
a winter minimum of 700,000 gpd. 
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5. Fire protection use, which, fortu- 
nately, is small (The potential use for 
fire protection has been provided for, 
however. Almost all of the plant is 
sprinkler protected and fire hydrants 
and hose cabinets are located through- 
out the plant site. ) 

6. Miscellaneous uses, such as roof 
flooding, refrigeration condenser cool- 
ing, and lawn sprinkling. 


Plant Facilities 


Figure 1 shows the layout of the 
plant and the location of the city water 
main entering the site. The buildings 
shown are the office buildings, the cafe- 
teria, and the manufacturing buildings. 
The engineering laboratory on the 
other side of the street is a two-story 
building. 

The water tank (Fig. 2) has a 
200,000-gal storage capacity, half of 
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which is reserved for fire fighting and 
cannot be drawn through the domestic 
The piping hookup insures the 
maintenance of the fire reserve at all 
A heating coil in the tank pro- 
tects against freezeups, and cathodic 


yp. 
times. 


protection is provided to prevent 
corrosion. 

Figure 3 shows the water distribu- 
ba and fire loop for the plant. This 
is a better picture of the water distribu- 
tion system in the plant. Under nor- 
mal conditions, the feed comes from 


the city line and the tank merely floats 


wT. 
Because the plant has approximately 
6,000 tons of air-conditioning capacity, 


immediate consideration was given to 
conserving refrigeration condenser cool- 


on the system. 


Conservation Practices | 
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Layout of Kingston Plant 


The site outlined with the broken line is approximately 20 acres. 
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Cathodic 
Protection 


100,000 gal 
Fire Usage 


Steam 
Tracing 


| <—City Water —> 


<Fire 


Valve Pit 
Fig. 2. Kingston Plant Storage Tank 


Half of the tank’s 200,000-gal storage ca- 

pacity is reserved for fire-fighting and 

cannot be drawn through the domestic 

loop. The tank is heated and cathodically 
protected. 


ing water. Without some means of 
conservation, more than 10,000 gpm 
would be required to satisfy the air- 
conditioning need alone. Approxi- 
mately 20,000 gpm is recirculated and 
only 200-300 gpm must be used to 
make up for wind and drift losses, even 
during the hottest summer days. This 
is obviously a tremendous saving of 
water. 

A stringent water conservation pro- 
gram has been instituted in other areas. 
It is good business to conserve water. 
When one considers that almost every 
gallon of water the plant draws from 
the city system must be handled again 
for proper treatment and disposal, it 
is apparent that a gallon saved in usage 
is also a gallon saved in treatment. 


INDUSTRIAL USE 


AT KINGSTON 


Boiler water and cooling-tower makeup 
are the only large exceptions. Waste 
treatment approximately six 
times as much as the water itself. The 
plant has, therefore, instituted various 
water-saving devices in addition to the 
cooling towers. 

1. In the plating and etched-card 
areas conductivity cell control is used. 
This device measures the conductivity 
of the water and permits only enough 
water to be added by a solenoid valve 
to keep the conductivity at a predeter- 
mined level. Without this device, 
water use in the plating area would 
probably be 1.4 times as high. In 
other words, the control results in a 
saving of 30 per cent in rinse water. 
Figure 4 shows a conductivity cell on 
a plating tank. The control is dupli- 
cated on 70 tanks in the plating and 
etched-card areas. The initial instal- 
lation of the devices cost approxi- 
mately $200 each. The 2-in. air gap 
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Fig. 3. Distribution Piping and 
Fire Loop 
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Lines labeled F represent fire piping and 
those labeled D are domestic piping. 
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should be noted, as it will be dis- 
cussed later. 

2. Conservation is also practical in 
the boiler house. Most of the water 
that is used for bearing cooling is piped 
to the cooling tower and used for cool- 
‘ing tower makeup. Thus, the water is 
used twice, resulting in a saving of 
about 35,000 gpd. 

3. The air compressor longer 
uses city water. Instead some of the 


chilled-water return for intercoolers 


no 
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lowed to cascade toward the first 


“dirty” rinse. 
Safeguards 

With the sppeoximnately 5,000 em- 
ployees in the Kingston plant, and be- 
cause the plant is directly connected to 
the city water system, it is obvious 
that a tremendous responsibility rests 
on the plant to maintain the quality 
of its system. The plant works very 
closely with the water department and 


a 


14% Controller 
Hand Valve 


Conductivity 
Cell 


Inlet 


a Plating Tank With Conductivity Cell 


Fig. 4. 


The conductivity cell and control permit only enough water to be added to keep the 
conductivity at a predetermined level. This device effects a 30 per cent saving in 


plating water. 


after-cooler cooling is used. The 
~The saving is about 18,000 gpd. (City 
water was used in the beginning for 
cooling-tower makeup. ) 

4. Roof flooding is discontinued dur- 
ing periods of shortage. During the 
summer this saves an average of 48,000 
gpd although there is some increased 
air-conditioning tonnage. 

Figure 5 shows the use of a cascade 
system for plating rinse tanks to con- 
serve water. The cleanest water 
introduced in the final rinse and is al- 


is 


the county health officer in order to 
insure protection. In the first place, 
the plant engineering department con- 
trols all changes or hookups in the 
water system. Safeguards such as the 
air gap provided on the plating tanks 
prevent the introduction of water di- 
rectly into a contaminated solution. 
Similar safeguards are provided on 
every installation. Secondly, there are 
no cross connections between the do 
mestic system and any other system, 
except that the fire loop comes off the 
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supply main through a double check 
valve. There are no cross connections 
with the chilled-water system, nor with 
the town supply passing the plant. 
Engineering personnel are constantly 
made aware of the need to safeguard 
the water supply. 

The plant officials are aware that 
an unusually large draw on the city 
system might result in severe hardships 
for the city. Frequent discussions are 
held with officials of the Kingston 
Water Department to avoid such prob- 
lems. During emergencies or periods 
drought, special precautions are 
taken and constant contact is main- 
tained with city officials. 


Future Developments 


The author’s firm is constantly con- 
sidering new ways to improve its effi- 
ciency in the use of water. Some of 
the measures now under study are 
stated below. 

1. Some plating solutions may be re- 
claimed through the use of ion ex- 
change. For example, contaminated 
chromic acid could be reused. The 
ion-exchange system would reduce 
water requirements for treatment. 

2. Consideration is being given to 
changing plating procedures entirely 
and using different chemicals. Such 
a change might well result in reduced 
water treatment requirements. 

3. A ground level storage tank of 
approximately 500,000-gal capacity 
(subject to revision) is proposed. 
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Such a tank would provide increased 
fire protection and would be used as 
a reserve. It could also be used to 
provide service for several hours if the 
main supply were interrupted or re- 
duced for any reason. Some pumps 
would obviously be necessary in addi- 
tion to a tank. 


It is self-evident that there is no one 


solution to the problem of how to make 
the most efficient use of water supplies 


Conclusion 


Clean 
Water 


Final 
Rinsing 


Overflow 
Overflow 
Overflow 


Rinse 
Rinse First 


Rinse 


Fig. 5. Cascade Rinse System 


The same rinse water is used four times, 
as shown, which effects a_ significant 
saving in plating rinse water. 


in industry. The Poughkeepsie, N.Y., 
plant of the author’s firm, for exam- 
ple, has two separate water supplies, 
one to satisfy the industrial need and 


another for domestic uses. Supply re- 
quirements vary with the type of in- 
dustry and the location. The applica- 
tion of new techniques, and, most of 
all, increasing interest in the protection 
of the valuable resource, water, may 
soon make possible even more ad- 
vanced methods of industrial use and 
conservation. 
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Architectural Treatment for Water 
Utility Structures 


Ronald Harrison and Paul M. Emery 
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A paper presented on May 6, 1959, at the Canadian Section Meeting, 
Montreal, Que., by Ronald Harrison, Mgr. & Secy.-Treas., Scar- 
borough Public Utilities Com., Toronto, Ont., and Paul M. Emery, 

Chief Water Works Engr., Municipality of Metropolitan Toronto, 


Toronto, Ont. 


Hike subject of architecture in water 

utility installations is a very broad 
one, but there are three aspects of the 
subject that are of particular impor- 
tance to water utility men: economic 
factors, land use requirements, and 
aesthetic considerations. Being a mat- 
ter of taste as well as function, archi- 
tecture is a very controversial matter, 
even among architects, and it is often 
possible to find as many opponents as 
‘proponents for any particular design. 
Therefore, in discussing aesthetic con- 
the authors can express 
only their own opinions (which, be- 
cause there are two authors, were at 
times in opposition and required com- 


- promise), and there may be some dis- 


agreement with the views set forth 
in what follows. = 


Provisions for Expansion 


Most water utility structures built in 
growing communities today can be ex- 
pected, because of the nature of the 


services they perform, to have a useful 
life of 60-70 years before their replace- 
_ment 
For this reason, such structures should 
be designed for reliability and perma- 
-nence, and in an architectural style 
which is pleasing today but not so 


or abandonment is considered. 


favor 
many 


radical that it will out of 
quickly and be an eyesore for 
vears of its life. 

Water utility men must plan for the 
expansion of the water system to keep 
pace with the growth of the commu- 
nity it serves. The availability of an 
adequate site within the required area, 
the choice of the height and location 
of buildings that will make them ap- 
pear to their best advantage, the place- 
ment of structures on the site—in the 
light of such factors as possible street 
widenings (Fig. 1 )—all are important 
considerations in design. The possi- 
bility of future expansion should be 
considered in the architectural plan- 
ning of water utility structures. For 
example, a sectional design can allow 
the initial structure to appear complete 
in itself, and as additional sections are 
constructed, the buildings will continue 
to give the appearance of a complete 
plant (Fig. 2). 


Economic Factors 


The basic architectural factor gov- 
erning the cost of water utility struc- 
tures, particularly treatment plants and 
pumping stations, is the choice of mate- 
rials. Intelligent arrangements of well 
chosen materials can result in a lower 
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“WATER UTILITY 
overall cost during the life of the in- 
stallation. By overall cost is meant 
the first cost of installation plus the 
cost of maintenance for a period of 
years. In other words, first cost should 
not be the only consideration. It is 
not unusual, in fact, when architectural 
materials or arrangements are chosen 
to provide ease of maintenance, for the 
first cost to be somewhat higher than 
if other materials or arrangements are 
used. In the opinion of the authors, 
however, it is economically sound to 
increase the initial investment in order 
to obtain those materials and archi- 
tectural features which allow a con- 
siderable reduction in the expense of 
both labor and materials for mainte- 
nance. Some of the better materials 
and treatments used in water utility 
structures are discussed below. 
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Interiors 


Interior walls of treatment plants 
and pumping stations can be effectively 
designed in a material such as glazed 
tile (Fig. 3), which requires a mini- 
mum of labor for cleaning and an 
almost negligible amount of repair. 
Even small installations designed within 
strictly limited finances may take ad- 
vantage of concrete block or brick 
masonry, which is glazed on the inte- 
rior face. Untreated interior masonry 
walls may last for some time without 
major care, but eventually they re- 
quire painting. Once painted, repaint- 
ing is usually necessary every 3-4 
years with annual touching-up between 
times. 

For interiors of filter plants, as in 
all very damp locations, plaster work 
on walls and ceilings should be avoided, 
as the cost of maintenance and repair 
may be unreasonably high over a pe- 
riod of years. ee 


ARCHITECTURE 


Floors may be of quarry tile (Fig. 
4), terrazzo, hardened concrete, or a 
flexible tile of some kind, such as vinyl, 
depending on the location in the plant. 
Concrete should be treated so that 
painting is unnecessary, providing an 
easily washed and waxed surface. 

In designing relief features on a 
flat masonry wall, whether interior or 
exterior, the architect should make his 
breaks vertical wherever possible. 
Horizontal checks in masonry provide 
ledges, which catch dirt and eventually 
contribute to discoloration of the 
surface. 

Grilles, and 


railings, spandrels, 


whether inside or out, in corrosion- 
resistant metals, such as stainless steel 
or aluminum which require no paint- 
ing, can also help to reduce the cost 
of upkeep for buildings (Fig. 5). 


Windows and Glass 


The size and location of windows 
are important factors. Unfortunately, 
quite often little thought is given to 
such matters beyond the overall aes- 
thetic appearance in an architect’s pro- 
posal sketch of the exterior views of 
the plant. Aside from first cost, the 
installation of a large number of un- 
necessary windows could lead to con- 
siderable expense for glass mainte- 
nance and replacement. If vandalism 
is prevalent in the area, the windows 
must be protected by screening, which, 
in addition to its cost, has a detrimental 
effect on the outside appearance of the 
plant and often destroys the effect the 
architect hoped for. Furthermore, the 
installation of a large glass area greatly 
increases the annual cost of heating for 
a building located in colder regions. 

Effective use of structural glass 
block can give a pleasing architectural 
appearance and adequate lighting for 
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Fig. 1. Result of Improper Building Location 


Failure to plan ahead for street widening pushed this pumping station within a few 

feet of the road. Sandwiched, as it is, between the highway and the railroad track, 

there was no way that this problem could have been avoided, except by choosing a 
larger site in the first place. 
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Fig. 2. Filtration Plant and Extensions, Scarborough, Ont. 


The newer, extension portion of the building can be seen at the far left. This kind 
of sectional building makes expansion simple and economical, in addition to preserving 
the effect of uniformity in architectural style. 


Fig. 3. Interior of Toronto Filtration Plant 


Glazed wall tile and aluminum window frames reduce the cost of cleaning and mainte- 
nance. The placement of windows along the top of the walls also reduces the cost of 
daytime lighting. 
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the needs of a treatment plant (Fig. 6). 
Glass block requires little or no re- 
placement and much less cleaning than 
clear glass windows. Heat loss is also 
reduced when structural glass block is 
used. 


Land Use Requirements 


A new water utility installation in a 
built-up or planned area must be de- 
signed with consideration for land use 
requirements and zoning regulations. 
Quite often a public utility—and, in 
particular, a water utility—because of 
the necessity for location in a given 
area, is permitted to contravene zoning 
regulations, provided that the architec- 
ture of the installation conforms, as 
far as is possible, with surrounding 
structures. 


Quarry tile is used here to its best advantage. 
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In industrial areas, where deteriora- 
tion is continual owing to the prox- 
imity of industrial plants, consideration 
should be given to the use of materials 
which will give the longest maintenance- 
free service. For example, it would be 
pointless to construct a building of 
light-colored masonry adjacent to a 
steam railway switchyard, where dis- 
coloration due to smoke would cause 
the appearance of the building to de- 
teriorate within a short period of 
time. 

Present or proposed land use in the 
area also has some effect on architec- 
tural style. In a factory district, a 
treatment plant or pumping station 
may reasonably give the appearance of 
a factory building. Such a design will 
be less expensive than other choices, 


| 


Fig. 4. Interior of West Toronto Pumping Station 


The traveling overhead crane ts an 


ingenious feature, in that it can operate over every part of the room. 
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ind yet it will fit in with surrounding 
structures. In such a district, a beau- 
iful, white stone building would be 
lecidedly out of place. 

In a commercial district, a water 
itility station should be a utilitarian 
tructure—and one that is obviously 
| public building. Properly designed, 
uch a structure could resemble a bank 
similar institution. 

If it is necessary to construct a 
uumping station or a similar structure 
n a residential district, a definite at 
empt should be made to make it con 
orm in type to the surrounding 
irchitecture (Fig. 7). 

Office buildings, of course, vary as 
much in design as do residential homes. 
Water utility offices may be freely de- 

igned within the broad limits of the 
revailing architectural standards. 

Large water treatment and pumping 
plants, because they require large areas 

f land hieve a park-like set- 


i 


Fig. 5. Staircase at Ottawa, Ont., Plant 


Proof that water utility buildings need not 
be architecturally uninteresting inside is — 
the attractive staircase shown 


“Te | 6. Chicago South District Filtration Plant and Administration Building 


Ine of the most impressive of all treatment plant structures, this building ts a fine 
xample of efficient and aesthetically pleasing design. The use of structural glass 
rick on the lower wall of the filtration wing (right) provides a maximum i of light 


ones and reduces heat loss. . 
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ting which makes architectural con- 
formity with the surrounding area 
somewhat less important. Such instal- 
lations, therefore, lend themselves to 
more individuality in design, within the 
limits imposed by the functions to be 
performed in the plant and the physical 
relationships that exist between such 
functions. 


Aesthetic Considerations 


From an aesthetic standpoint, the 
authors feel that there has been some 
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tendency in the past to build water 


utility structures that are ugly and box- 


like, being little more than a weather- 
proof covering for the equipment 
(Fig. 8). 

Whether the installation is made 
in an industrial, commercial, or resi- 
dential area, some attempt should be 
made, by attractive design and the 
proper use of landscaping, to make it 
an object of community pride (Fig. 
9 and 10).* Although this may involve 
some additional expense initially, a 


Fig. 7. Front and Rear View of Toronto Pumping Station 


Although it is usually a mistake to disguise the function of a water utility structure, 
zoning regulations in residential and commercial areas sometimes make it necessary. 


‘The building shown aboz 


‘re is both functional and unobtrusive in a residential area. 
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neat, well-kept installation has a type 
of beauty which tends to increase the 
general tone of the neighborhood in 
which it is located, so that, within limi- 
tations, the owners of neighboring 
buildings will try not to be outdone 
to any great extent. An ugly building 
will, in all likelihood, be followed by 
similar structures, with the end result 
that the whole neighborhood will 
begin to deteriorate in a much shorter 
time. 

If there is doubt as to the future 
character of the district in which a 
water plant is to be located, a simple, 
substantial structure with plain lines 
and a pleasing architectural form will 
be the best choice. 


Fig. 9. Partly Underground Pumping Station 


ARCHITECTURE 18 


Fig. 8. Example of Unimaginative 
Building Design 


This box-like building, although perfectly 
functional, is anything but attractive. 


Built for a maximum of economy or semicommercial and lower-cost residential areas, 
this pumping station is unobtrusive and, because it is mostly underground, reduces 


machinery noise. 


Unfortunately, the necessity for storm fence and barbed wire de- 


tracts from its appearance. 
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Fig. 10. Examples of Neat, Well Kept Installations 


Although entirely different in style, both of the buildings shown above give the 
appearance of public buildings, both are neatly kept, and both are objects of pride in 
the community. 
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Elevated Tanks 


Because elevated tanks are a special 
kind of water utility structure, discus- 
sion of them has been saved to the last. 
Tanks are essential to modern water 
supply systems, and, as steel does not 
rossess the aesthetic versatility of ma- 
sonry, the appearance of elevated tanks 
as often been subject to criticism. 

Until a few years ago, water tanks 
were designed solely to hold a certain 
juantity of water at a definite eleva- 
ion; aside from choice of color, no 
ittempt was made to improve their 
ippearance. The usual method of con- 
struction, which necessitated cross- 
ywracing and guy wires, provided a 
functional but relatively ugly structure. 

Recently, attempts have been made 
to achieve architectural beauty in the 
lesign of elevated tanks without dis- 
rising in any way their functional 
spect. This has been achieved by the 
slimination of cross-braced girders and 
suy wires, by improvements in tank 
shapes, and, in more recent designs, by 
he elimination of all support columns 
ther than the central pylon (Fig. 11). 

Tanks are sometimes distinguished 
Vv special painting, as, for example, 
he single-pylon tank at Tam-C 
Shanter Golf Course in Chicago, whic 
s painted to look like a golf ball place 
yma tee. Occasionally, elevated tank 
nave been so combined with other fun 
ions that the water storage use is con 
letely disguised; for example, a 2.! 
nil gal tank in Europe was recently 
‘onstructed on a central pylon with 
he water tank enclosed by a restaurant 
it the upper level completely around Fig. 11. Water Tank of Novel Design 

the periphery.” 


The use of a single, central pylon for 

support is a fairly new development in 

Conclusion elevated-tank design. This tank is the 

result of an attempt to tmprove the ap- 

The importance of good architectural pearance of a steel tank without disguis- 
lesign for water utility structures ing its function. 
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should be obvious. Good architectural public, can point to it with a feeling 
design, in the public utility field, means of pride. 


functional and economical design, of References 


course, but it is particularly important |. Jornr Discussion. Pumping Stations in 
that a building that belongs to the Residential Areas. Jour. AWWA, 
‘ 47 :1039 (Nov. 1955). 

community present a pleasing enough , Tankless. Jour. AWWA, 80:10:42 P&R 
appearance that its owners, the general (Oct. 1959). | 


Plumbing and Public Health 


In the June 1959 issue of Sanitalk, a publication of the Massachusetts De- 
partment of Public Health, an editorial discusses the close relationship between 
plumbing and public health, with special reference to research being conducted 
at the Plumbing Research Laboratory at the Lawrence (Mass.) Experiment 
Station. 

Many instances of disease and fatality caused by back siphonage and cross 
connections introducing toxic substances into potable-water lines can be traced 
to improper plumbing installations. Cross connections have been a major cause 
of epidemic disease, and occasional flareups of intestinal disturbance, for which 
no other cause can be found, may well be traceable to cross connections with an 
unsafe supply. For example, cross connections of private wells with public sup- 
plies are common during periods of shortage. Underground watering systems 
introduce the possibility of back siphoning of weed killers, insecticides, fertilizers, 
or other toxic substances. The increasing number of private swimming pools 
also creates new hazards. 

Copper poisoning has, in a few instances, been traced to the use of copper 
tubing in vending machines for carbonated beverages. Failure of check valves 
permitted carbon dioxide to back up, attacking the copper tubing. The first 
drinks drawn then contained toxic amounts of copper. 

Improper plumbing is largely due to inadequate training of those engaged 
in plumbing design and installation, inadequate plumbing codes, lack of enforce- 
ment of the codes, or the installation of plumbing by unlicensed persons. It is 
hoped that the Plumbing Research Laboratory program will, through demon- 
strations of basic physical principles, be able to clear up much of the disagree- 
ment in the plumbing industry over what constitutes safe practice. This, in 
turn, may lead to some basis for uniform plumbing codes as well as a 

_ greater recognition among those in the industry of their responsibility in safe- 
guarding the public health. 
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Good Practices in Painting Steel Elevated Tanks a 
and Standpipes 


James O. Jackson 


A contribution to the Journal by James O. Jackson, Pres., Engineer- 
ing Development Co., Coraopolis, Pa., and Chairman, Committee 
8710 J—Joint Com. on Steel Standpipes and Elevated Tanks. 


Although the author is chairman of the joint committee, the views ex- 
pressed in this article are those of the author only and are not to be 
considered to include the final views of the committee. The painting 
standard (AWWA D102) is presently undergoing complete revision, 
and the committee welcomes any suggestions for the improvement of 
the standard, descriptions of paint failure, or reports of outstanding 
service from a particular paint system. All such information or sug- 
gestions should be directed to James O. Jackson, Chairman, Committee 
on Steel Standpipes and Elevated Tanks, Box 249, Coraopolis, Pa. 


the heavy tar coatings, cement linings, 
waxes, and greases last longer and 
give more economical service if the mill 
scale is completely removed. 


ig order to prolong the life of paint, 


the surface to be painted should be 
dequately prepared. This is true for 
oth the interior, or water-immersed, 
urfaces and for the exterior, or 


eather-exposed, surfaces. When the Surface Preparation 


teel plates are rolled or dished in 
ibrication, the mill scale is cracked 
nd left in such a condition that mois- 


If the mill scale is not completely 
removed, the life of most paint films 
on either interior or exterior surfaces 


averages 1-2 years. After this type 
of failure has occurred, unless the re- 
maining paint and mill scale are com-_ 


pletely removed by blast cleaning, ha 


ire penetrating the paint film may 
ause corrosion underneath the mill 
sale, which results in the lifting and 
reaking, or bulging, of the paint film. 
‘he types of paints most resistant to 
iis kind of damage are those that have 
nough strength and thickness to resist 
1e loosening of the mill scale. Such 
aints are the heavy tar coatings and 


ally at considerably higher costs than 

if it had been done originally in the | 
fabricating shop, the repaint job will 
be costly and unsatisfactory. There-— 
fore, best practice calls for all mill scale 


1e cement linings. The wax or grease 
oatings are more tolerant to mill scale 
nan the usual paints, because the plas- 
city of the coatings permits some 
1ovement of the mill scale without a 
reaking of the protective film. It has, 
owever, been well proved that even 


to be removed after fabrication in the 
shop by either blast cleaning or pick- 
ling, and for the shop primer to be 
applied before rusting takes place. | 

After the steel has been erected in 
the field and the field joints have been 
welded, it is essential that these joints 
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also be cleaned by blast cleaning to 
remove the weld slag and spatter from 
the welded seams, and to remove the 
rust that may have formed on the un- 
painted edges of the plates. Any other 
damaged or abraded places should be 
blast cleaned and reprimed. The blast 
cleaning of the welded joints may be 
done with small, easily portable blast- 
ing equipment or special equipment 
that completely confines the blasting 
action. It must be emphasized that 
unless the field seams are blast cleaned 
and the weld slag completely removed, 
the life of the field seams will be very 
much shorter than that of the blast- 
cleaned plates, and the full benefit of 
the cost of the surface preparation in 
the shop will not be realized. If the 
mill scale is entirely removed in the 
shop and the field-welded joints blast 
cleaned, a paint life of 5-6 years may 
reasonably be expected from paints of 
good quality, and a life of 8-10 years 
may be expected from heavy-duty 
paints. In order to secure such paint 
service, it is essential that the interior 
and exterior surfaces be inspected an- 
nually and any defects be repaired by 
the restoration of the original paint 
systems. Such defects will be rare, 
but some are almost certain to appear. 
In repainting tanks that have had a 
general failure of the paint, it is usu- 
ally more economical, with regard to 
the life of the paint job, to remove all 
the old paint and rust by blast clean- 
ing and to apply one of the paint sys- 
tems recommended blast-cleaned 
surfaces. 

It is important that any dust result- 
ing from the blast-cleaning operation 
be removed from the steel surfaces 
before the application of the primer, 
if it is to be applied by spray, for dust 
can seriously interfere with the adhe- 
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sion of paint so applied. It is desirable, 
however, to remove the dust, even if 
the primer is to be applied by brush. 


Interior Surfaces 


Paint systems for the interior sur- 
faces of steel water tanks must ad- 
here well to the base metal and to the 
underlying coats under water, and 
must have low permeability to water 
and good resistance blistering. 
Coal-tar enamel applied over a suitable 
prime coat on a properly prepared sur- 
facé has very low permeability to water 
and excellent durability under immer- 
sion. Such an application, properly 
put on and maintained, may reasonably 
be expected to have a useful life of 
more than 10 years. The initial cost 
is several times that of a first-quality 
paint coat. 

Sprayed metal coatings, usually 
either zinc or aluminum, give excellent 
protection to interior tank surfaces. 
These coatings must be applied over 
blast-cleaned surfaces, and a first-class 
paint system over the sprayed metal 
surfaces is recommended to decrease 
porosity and give extended service life. 
Sprayed metal surfaces cost much more 
than first-class paint systems, and even 
considerably more than _ hot-applied 
coal tar. Annual maintenance is diffi- 
cult because of the equipment required 
to replace the sprayed metal. Usually, 
maintenance consists only of retouch- 
ing the painted surfaces. 


Cathodic Protection 

Cathodic protection is an effective 
method of reducing corrosion on water 
tank interiors. This protection re- 
quires the installation of anodes and 
suitable electrical apparatus to main- 
tain a current flow between the anodes 
and all submerged parts of the tank. 
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The amount of and 
the initial and maintenance costs of 
the anodes vary with the electrical 
conductivity of the stored water and 
other factors. It is considered eco- 
nomical to paint the interior surfaces 
even though cathodic protection is 
used, as such painting reduces consid- 
erably the amount of power required, 
because of the insulating effect of the 
paint. In latitudes where ice accumu- 
lates during the winter, the anodes 
must be removed. During such pe- 
riods, the cathodic protection is in- 
yperative. It is imperative that ca- 
thodic systems be periodically serviced 
so that their operation will be con- 
tinuous and effective. The initial cost 
of the cathodic system will be consid- 
erably more than the cost of a first- 
class paint job, because the tank with 
cathodic protection should also be 
painted, and the paint system should be 
just as durable as without the cathodic 
system. The annual cost of the ca- 
thodic system, including the protective 
paint, is therefore considerably greater 
than that of a first-class paint system. 
The cathodic system, however, even if 
the paint system is not maintained, will 
prevent the pitting of steel for some 
time. 

The most common and, usually, 
most economical method of protecting 
the interior surfaces of tanks is with 
paint systems. The most suitable paint 
vehicles for water-immersed surfaces 
are the vinyls and the phenolics. The 
straight linseed oil vehicles and the 
alkyd linseed oil combinations are less 
impervious and more soluble in fresh 
water than either the vinyls or the 
phenolics. Other types of synthetic 
vehicles show considerable promise, 
such as the epoxy resins, which may 
be hardened either by chemical reaction 


PAINTING 


PRACTICES 193 
or by solvent evaporation, but these 
paints have not been used sufficiently 
to justify their recommendations at 
this time. 


Vinyl-Base Paints 


Vinyl-paint systems produce under- 
water paint films that are more durable 
than those of any other paint systems 
extensively used on the interior of tank 
surfaces. A paint life of 8-10 years 
may be expected from a properly ap- 
plied vinyl-paint system. The vinyl 
resins used in metal protective paints 
are a series of resins made from copol- 
ymerized vinyl compounds. The main 
constituents of vinyl resins are vinyl 
chloride and vinyl acetate. The copol- 
ymer is a relatively inert, relatively 
insoluble resin of water-white color 
that has outstanding qualities of dura- 
bility and resistance. It is soluble only 
in special types or combinations of 
solvents. Such vinyl resins adhere 
poorly to metal. To improve the adhe- 
sive properties of the vinyl chloride— 
vinyl acetate copolymer, other constitu- 
ents, such as maleic acid, are added. 
The resulting resins adhere strongly to 
steel, to other vinyls, or to other paints. 
These resins are different from the 
ordinary paint vehicles because they 
do not oxidize. They dry solely by 
solvent evaporation, in the same man- 
ner as lacquers. Because their usual 
solvents have low boiling points, the 
resins are extremely fast drying. 
Their inertness and fast-drying quali- 
ties make them useful paints. Their 
poor wetting ability, however, limits 
their use to clean steel. They are used 
in sulutions with low solids content. 

The most common vinyl-paint sys- 
tem requires the use of a wash primer 
pretreatment over a sandblasted sur- 
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face to provide good adhesion. The 
vinyl paints have a smaller percentage 
of nonvolatile ingredients than other 
common paints, and, therefore, more 
coats are required to obtain the neces- 
sary dry-film thickness. A dry-film 
thickness of at least 4 mils is consid- 


- spraying for each coat, this usually 


requires four coats of paint in addition 
The vinyl paints 


_ dry quickly, and several coats may be 


Application of this 
type of vinyl paint by spray is essential, 
because it dries so fast that it is un- 

for brush applications. 


Other types of vinyl-paint systems are 


centage 


‘ompounded so that the wash coat pre- 
reatment is not required. Still other 


of nonvolatiles, so that the 

quired thickness may be built up with 

wer coats. Maintenance of the vinyl- 
paint systems is not difficult. Any 
places that show signs of failure may 
be easily cleaned and restored to the 
original paint film, owing to the quick- 
drying characteristics of the paint. It 


is believed that, because of the long life 


of the paint film and the little mainte- 
nance required, the four-coat vinyl sys- 
tem with wash primer results in the 
most economical protection for interior 
tank surfaces. 


Phenolic Paints 


Phenolic vehicles are very effective 
in paint systems for underwater serv- 
ice. They produce a film that is quite 
impervious to water and very resistant 
to blistering. The most common diffi- 
culty with paints based on this vehicle 
is the tendency for the paint coats to 
separate or peel, particularly when too 
much time has elapsed aiter the appli- 
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cation of the underlying coat. This 
characteristic of the phenolics presents 
a considerable problem where the steel 
is primed in the shop with a phenolic 
primer, because there is ordinarily a 
lapse of several weeks before the first 
field coat is applied. One procedure 
believed to be of value is the addition 
of a solvent or softening agent to a 
paint coat after the priming coat has 
dried for a long time. Two of the most 
successful solvents are ethylene glycol 
monoethyl ether * and methyl isobuty] 
ketone. One recommendation is that 
1 per cent of the solvent be added 
where the paint has dried for 24 hr; 
2 per cent, for 48 hr; and 3 per cent, 
for 72 lir. It can easily be seen that 
this recommendation does not provide 
for the condition where the shop 
primer has dried for several weeks. In 
spite of the addition of solvent, enough 
failures have occurred so that it is now 
considered questionable practice to 
prime tank plates in the shop with a 
phenolic primer. The use of the phe- 
nolic primer should be limited to in- 
stances where it can be applied in the 
field, so that the subsequent paints can 
be applied on following days. 

The pigments for water-immersed 
phenolic-vehicle paints include red-lead 
formulations as inhibitive primers, usu- 
ally followed by two or three coats of 
aluminum powder in a suitable phe- 
nolic vehicle. The aluminum powder 
contributes to the imperviousness of 
the paint film and has given excellent 
results in underwater service. Zinc 
dust in a suitable phenolic vehicle is 
an excellent primer with a sacrificial 
anodic effect in reducing corrosion. 
Usually, two coats of the zine dust 


* Cellosolve, a product of Carbide & Car- 
bon Chemicals Co., New York, N.Y. 
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phenolic primer are followed by one 
or more coats of zinc dust—zine oxide 
phenolic finish coat, as this formulation 
is believed to be more durable as a 
finish coat. The zinc dust-zine oxide 
formulations may be used both as 
primers and as finish coats. They pro- 
duce excellent paint films of good dura- 
bility, with no problem of lead 
absorption. 


Chromate Paints and Other Coatings 


A recently developed pigment known 
as ‘*M-50"—a basic lead silicochromate 
pigment—when used with a suitable 
phenolic varnish vehicle, has shown 
excellent durability in preliminary 
tests and will be a valuable addition 
to paints available for water-immersed 
surfaces, if the results from actual use 
prove to be as good as the tests indi- 
cate. The basic lead chromate in this 
formulation is practically insoluble in 
water. 

Other types of coatings are available 
for the interior surfaces of tanks. Ce- 
ment linings, troweled on to a thick- 
ness of 1—;3; in., usually mixed in a 
proportion of 1 part cement to 1.5 
parts of sand, have provided excellent 
protection. The strength of the lining 
undoubtedly resists the tendency of 
loosening mill scale to break through 
the coating. For this reason, cement 
linings are more suitable than paints 
over surfaces from which the mill scale 
has not been entirely removed. 

Wax and grease coatings are avail- 
able for water tank interiors. They 
are applied to a thickness of ;'g—4 in. 
and remain plastic. Because these 
materials, properly applied, are prac- 
tically watertight, they give excellent 
protection. The principal difficulties 
with this type of protection are those 
of obtaining a complete unbroken film 
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and the tendency of the films to run 
in extreme heat and gradually to dry 
out and become brittle with age. Wax 
and grease coatings are more suitable 
than paints that dry over mill scale, 
because the movement of the mill scale 
is better tolerated by the more plastic 
materials. 

Exterior or Exposed Surfaces 
As with paints for interior surfaces 
of tanks, it is essential with paints for 
exterior surfaces to remove mill scale 
completely, if maximum paint life and 
economy are to be obtained. It has 
been the practice in the past to clean 
the exterior surfaces by removing the 
loose rust and mil! scale with a wire 
brush and then to apply one shop prime 
coat of red-lead linseed oil or other 
paint. After the field joints are 


welded, they are wire brushed and 
primed with one coat of paint, after 
which the exterior surfaces are painted 


with two or more coats of various 
finish paints, usually varnish aluminum 
paints or alkyd finish paints in various 
colors. Depending on the nature of 
the mill scale, the thoroughness with 
which the loose mill scale is removed, 
and the severity of the exposure, this 
tvpe of paint system usually starts to 
break down in about a year and re- 
quires complete removal and painting 
of surfaces in 1-3 years. If the struc- 
ture is again wire brushed, and the 
loose portions of the paint are removed 
and the structure repainted, the ex- 
perience will be repeated. 

Experience over the past decade has 
demonstrated very conclusively that, to 
prolong the life of paint economically, 
the mill scale should be completely 
removed in the shop before priming. 
This permits the use of faster drying, 
more durable synthetic paints. An ex- 
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cellent paint system for water tank 
exteriors is a shop coat of alkyd—linseed 
oil red-lead primer applied over sur- 
faces from which the mill scale has 
been removed, followed by priming of 
_ blast-cleaned field joints with the same 
paint. Then two coats of aluminum 
paint, consisting of either a long oil 
varnish or an alkyd varnish, or two 
coats of an alkyd-vehicle finish paint 
of desired color, are applied. The 
~ number of coats may be increased to 
four by the addition of another coat 
of primer, which results in longer paint 
life and which is especially desirable 
- for more severe exposures. The three- 
coat alkyd system over surfaces freed 
of mill scale should result in a paint 
life of approximately 5 years, if there 
is suitable yearly maintenance. The 
four-coat system shceuld result in about 
the same paint life, if used where the 
exposure is more severe. 

External vinyl-paint systems over 
surfaces from which the mill scale has 
been removed and which have been 
treated with the wash primer, followed 
by four coats of vinyl paint to a total 

-dry-film thickness of at least 4 mils, 
are extremely durable. It is essential 
that the field welds be blast cleaned 
and given the same wash coat pretreat- 
ment and priming as in the shop. This 
paint system, properly maintained, 
should last about 10 years in the aver- 
age exposure and for a slightly shorter 
time in severe exposures. Annual 
costs of alkyd and vinyl systems for 
exterior surfaces should not be very 
different over a long period. The 
vinyl system costs more initially, but 
the time between complete repaintings 
will be longer than for alkyd systems. 
~The vinyl system is undoubtedly eco- 
-nomical for marine chemical 
exposures. 
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Linseed oil-red-lead primers are 
excellent over blast-cleaned surfaces 
for exterior exposures, but have the 
disadvantage of a long drying time in 
fabricating plants where drying is not 
accelerated by baking. Either the long 
oil varnish or the alkyd aluininum 
paints are suitable over linseed oil red- 
lead as finish coats and provide very 
durable paint systems, provided the 
linseed oil red-lead is allowed to dry 
completely. 

Many other types of paints are avail- 
able for exterior finish coats, but care 
must be used to select paints that have 
good durability and do not fade 
excessively. 

For additional and more specific in- 
formation regarding surface prepara- 


tion, paint systems, and paint applica- 


tion, reference is made to the publica- 
tions of the Steel Structures Painting 
Council, 4400 Fifth Ave., Pittsburgh, 
Pa., particularly to the Steel Structures 
Painting Manual". Volume 1 of the 
Manual, entitled “Good Painting Prac- 
tice,” contains carefully prepared arti- 
clés on corrosion theory, surface prepa- 
ration, chemical pretreatment, paint 
application, inspection, quality control, 
and comparative costs of paints and 
paint systems for such applications as 
railroad and highway bridges, steel 
vessels, steel tanks, pipelines, water 
and sewerage works, refineries, and 
chemical plants. Volume 2, “Systems 
and Specifications,” contains specifica- 
tions for various types of surface prepa- 
ration, pretreatment, paint application, 
specifications for many types of paints, 
and a complete tabulation of recom- 
mended paint systems for various pur- 
poses. The paint systems are pre- 
pared in such a way that they may 
be easily incorporated into engineering 
specifications. 
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Toxicity From Lead Absorption 


For many years, the question of the 
extent to which lead is absorbed from 
paints on the interiors of potable- 
water tanks has been the subject of 
much discussion. Opinions have 
varied between those who contend that 
the lead absorption from paints is of 
no consequence whatever, and those 
who will in no circumstance permit the 
use of paint containing lead on the 
interior of tanks. Within the past 
several years, research work has been 
completed on lead absorption, and two 
articles on this subject were reported 
in the May 1959 JourNAL. 

The laboratory investigation made 
by Fraser and Fairhall? of USPHS 
brought out the important fact that 
the lead in linseed oil—base paints is 
“at least ten times more soluble under 
the conditions of the test than either 
the phenolic- or vinyl-base paint.” 


The oil-base paint tested did not con- 


tain added litharge. It was further 
concluded by them that the character- 
istics of the waters found in different 
localities has a profound effect on the 
rate of solution of red lead from paint 
films. 
Elkins * reported on the results of 
many analyses of the lead content of 
water from actual storage tanks: 


A study of the lead content of water 
from eleven standpipes painted with lead 
paint has been made. Of 70 samples of 
water, only three contained significant 
amounts of lead, and these were from 
tanks in standby service. Tests of the 
extraction of lead from panels coated 
with red-lead oil paint indicate that no 
significant quantity of lead is added to 
the average water supply by the paint if 
the average daily consumption approaches 
the capacity of the tank; and if a phenolic- 
base paint with a red-lead pigment is 
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used, a substantially lower rate of turn- 
over is essential to keep the lead concen- 
tration below significant levels. 

All the evidence available indicates 
that only under extremely exceptional 
conditions, if at all, could the use of lead 
paint in standpipes for potable water be 
considered inadvisable from the stand- 
point of public health. 


Neither article has adequately an- 
swered many questions with respect to 
lead absorption. For example, no in- 
formation was given about the contri- 
bution of lead to drinking water from 
underlying paint coats containing lead. 
Little is known about the relative ab- 
sorption for such variables as the vari- 
ous types of stored water, the length 
of time water is retained in tanks, aver- 
age storage temperatures, pumping cy- 
cles, and many other variables. 

The Joint Committee on Steel Stand- 
pipes and Elevated Tanks, at the Dallas 
meeting of AWWA in 1958, recom- 
mended that full-scale research be con- 
ducted on painted tanks in the United 
States to obtain lead measurements 
and information on the important vari- 
ables. This project was approved by 
the AWWA _ Executive Committee, 
but had to be abandoned later because 
financing could not be obtained. A 
ballot was sent to the members of the 
committee to determine the recom- 
mendation on the use of paints contain- 
ing lead on the interior of potable- 
water tanks. The outcome was that 
lead paints having phenolic or vinyl 
vehicles should be recommended as 
final coats, but that lead paints contain- 
ing linseed oil vehicles should not be 
recommended because of the much 
higher rate of solubility. The commit- 
tee’s decision is not an indication that 
it believes serious health hazards have 
been or would be caused by the use 
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of linseed oil lead paints as final coats 
in water tanks, insofar as the contribu- 
tion of lead from the paint alone is con- 
cerned. The committee’s decision was 
based on the realization that any addi- 
tional amount of lead absorption is un- 
desirable, present 
daily average intake of lead is close to 
the maximum tolerance. Further, the 
committee is of the opinion that equally 
suitable, or even more suitable, paints 
are available, containing either lead in 
combination with vehicles that do not 


inasmuch the 
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permit as high an absorption rate, or 
containing no lead at all. 
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Advances in Water Supply Technology 


Infilco Inc., Tucson, Ariz. 


Y processes and_ techniques 
in water treatment have not 
changed much for 50 years or more. 
It is difficult to imagine that the early 
practitioners and designers in the field 
of water supply engineering were so 
technically advanced and_ farsighted 
that their efforts could not be improved 
on for half a century. 

Some of the reasons for the apparent 
lack of progress, or slow progress, in 
the water supply field may be: 

1. Inadequate fundamental research 
in the universities and government 
laboratories (This situation, fortu- 
nately, has been improving during the 
last several years.) 

2. Promulgation of old techniques 
and standards by regulatory agencies, 
and slowness of some of those charged 
with enforcement to accept new ideas, 
or even to provide means for the test- 
ing of new techniques and equipment 

3. Lack of enough interest, on the 
part of many consulting engineers, to 
study and look at new techniques and 
equipment until someone else has done 
the pioneering. 

The attitude prevalent in the water 
supply field—more so, perhaps, than in 
any other—seems to be: “we will con- 
sider it after you can show us at least 
half a dozen installations,” or, “give us 
several successful reference installa- 
tions and then you can do it in our 
state.” This last criticism should not be 
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A paper presented on Sep. 29, 1959, at the Missouri Section Meeting, 
Kansas City, Mo., by A. A. Kalinske, Vice-Pres. & Tech. Director, 


misinterpreted, for regulatory agencies 
should, of course, take a conservative 
attitude toward new techniques and 
equipment, as they have the all- 
important responsibility of protecting 
the public health and seeing to it that 
the public funds are used judiciously. 
Engineers should, of course, be skepti- 
cal of, and impartially evaluate, any- 
thing new. The criticism, however, is 
neither of conservatism nor of good, 
sound engineering caution; rather, it 
is directed at the lack of a framework 
within which a new technique can be 
evaluated and the fruitless evasiveness 
of always relying on someone else to 
try it first. 


Solids-Contact Process 


In the treatment of water before 
filtration, the outstanding development 
during the last decade has been the 
greatly increased use of the solids- 
contact process, not only for softening 
but also for clarification of surface 
water. The increase in the popularity 
of this process is unquestionably due 
to the fact that such pretreatment 
both affords significant savings in 
first costs and produces a high-quality 
effluent for filtration. Effluent tur- 
bidities of such basins are commonly 
of the order of 5 ppm and rarely, if 
ever, exceed 10 ppm. It is also sig- 
nificant that solids-contact units are 
being used for larger and larger treat- 
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ment plants. Single units of 30-mgd 
capacity, which incorporate mixing, 
- flocculation, and clarification, have been 
built. 

In a paper’ presented before the 
sanitary engineering division of the 
ASCE in October 1958, Richard 
Hazen compared data on turbidity re- 
movals at conventional and_ solids- 
contact treatment plants handling river 


He indicated that good turbidity re- 
-movals were obtained at surface load- 
‘ings varying from 1.2 to 2.0 gpm/sq ft 
without the use of any coagulant aids 
He stated that such good performances 
was apparently due to the better floce 
lation obtained in solids-contact trea 
ment units. 

Even though hundreds of 
contact treatment units are used in tl 
United States, there are still son 
states that drastically restrict the u 
of such treatment units, and arbitrarily 
set up standards that make their use 
entirely uneconomical. In fact, sev- 
eral states have no solids-contact treat- 
ment units on municipal supplies, even 
though there may be dozens of such 
units in adjacent states. Solids-contact 
units must, of course, be specifically 
designed for each particular water 
treatment problem, and no_ general 
rules can cover each and every situ- 
ation. Many states feel that it is nec- 
essary to maintain certain very strict 
standards for retention time and sur- 
face loading. The regulations are 
flexible, however, in that if scientific 
evidence is presented conclusively indi- 
cating that shorter retention times and 
higher surface loadings can be used 
safely, the consulting engineer may 
present such data to the state depart- 
ment of health for consideration. If 
the data justify it, the engineer may 
be permitted to design the treatment 


solid 
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units as he Missouri has 
such a regulation, which, in the au- 
thor’s opinion, is very satisfactory and 
provides proper protection to the pub- 
lic. The regulation also makes the 
consulting engineer responsible for 
gathering sufficient data and insures 
that the treatment plant is designed 
scientifically and not merely on the 
basis of general guides and_ rule-of- 
thumb criteria. 


proposes. 


Fig. 1. Agitation Pattern of 
Turbine Flocculator 


Turbine flocculators are low-speed cen- 
trifugal pumping units which move large 
quantities of water throughout the basin 
and produce much more complete agita- 
tion than the conventional paddle stirrer. 


Flocculation Equipment 


Probably, no piece of equipment in 
general use in conventional treatment 
plants has undergone fewer changes 
during the last several decades than 


the paddle-type of flocculator. Studies 
of the hydraulic conditions that should 
be obtained in a flocculation basin have 
shown that paddle stirrers are not nec- 
essarily the best flocculating equipment 
that can be used. The principles of 
good flocculation are well established. 
It is known that turbulence must be 
so controlled that the precipitated floc 
can repeatedly come into contact with 


other floc particles without any shear- 
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ng or breaking of the agglomerated 
loc. 

The turbine type of agitator, so 
videly used for mixing operations and 
n solids-contact units, has application 
n conventional flocculation — basins 
Fig. 1). Radial-flow turbines can be 
nstalled on vertical shafts, thus making 
inderwater bearings unnecessary, or in 
ong rectangular basins they can be 
nstalled on a horizontal shaft, with the 
equisite number of piers and bearings. 
Hazen! indicated that turbine floccu- 
ators are more efficient because they 
liminate the relatively dead 
long the axis of conventional paddle 
tirrers. He stated that turbine floc- 
ulators produce a more uniform mix- 
ng action throughout the flocculating 
hamber. 

Turbine flocculation equipment may, 
ffhand, appear entirely inadequate for 
roducing agitation and _ turbulence 

throughout the basin. That impression 
is based on the faulty notion that the 
turbines are mere stirrers, which they 
lefinitely are not. Turbine flocculators 
re low-speed centrifugal pumping ma- 
hines which move tremendous quanti- 
ties of water throughout the basin, gen- 
rating the low-intensity turbulence 
vhich is so effective in producing 
roper contacting of the floc particles 
vithout exerting excessive shearing 
ction. 


space 


Chemical Pretreatment 


So far as the chemical treatment 
f water before filtration is concerned, 
here have been several significant de- 
‘elopments during the past decade. 
Indoubtedly, the most significant de- 
‘elopment has been in the use of coagu- 
lant aids. The pioneering work of 
Baylis? in connection with activated 
ilica indicated that one need not put 
1p with poor flocculation, with the re- 
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sultant poor quality of water produced - 
for filtration. Activated silica is now | 
widely used as a coagulant aid, and, 
as a result, waters which formerly pro- 
duced very poor settling floc can now 
be treated and clarified in settling 
basins of much smaller size than would 
have been necessary had activated silica 
not been used. Activated silica is also 
being used fairly extensively as the sole — 
coagulant in softening treatment. In_ 
many instances, it has been found more 
economical than alum. 


Polyelectrolyte Coagulant Aids 


More recent developments in coagu- 
lant aids have been the polyelectro-— 
lytes and other organic coagulant aids. 
There is now a wide variety of such © 
compounds, and several of them have © 
been approved as nontoxic and can be | 
used for treating potable water. At. 
present, many of the coagulant aids are _ 
still quite expensive; however, their 
use should be evaluated and definite 
information should be obtained as to— 
how much the settling characteristics | 
of the floc are improved, and just how 
much smaller clarification basins can 
be made. Coagulant aids are more 
widely used for industrial water treat- 
ment than they are for treatment of © 
public supplies, where operating costs 
must be given very serious considera-_ 
tion at all times. So far as the author 
has been able to determine, no general 
statements can be made regarding the 
effectiveness of any of these coagulant 
aids for any particular water treatment 
problem. Each one should be studied 
individually under various conditions 
to establish what improvements in floc 
characteristics it can produce. 


Coagulation Research 


The water supply field can look for- 
ward to a more complete understand- > 
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ing of the general process of coagu- 
lation in the future. Coagulation of 
colloidal turbidity with alum or an iron 
coagulant is still, to a large degree, < 
trial-and-error proposition and cannot 
really be called an exact science. Some 
very outstanding basic research on co- 
agulation is now in progress under the 
direction of A. P. Black at the Uni- 
versity of Florida. The project is 
sponsored by the National Institutes of 
Health of USPHS. Progress reports 
on this work have already been pub- 
lished in the JourNAL.? It is just 
such basic research that will, in years 
to come, form the foundation for new 
processes, techniques, and equipment. 
The importance of such studies cannot 
be overemphasized, and it is to be 
hoped that more will be undertaken. 


Filter Design 


There has been no significant change 


in rapid sand filtration during the last 


40 years. Gradually higher filtration 
rates have been used; this is certainly 
justified, if somewhat belated, in view 
_of improvements in the quality of water 
now being applied to filters as a result 
of improvements in pretreatment. The 
most expensive parts of a water treat- 
ment plant are the gravity filters and 
their appurtenances. In terms of their 
effect on water quality, however, grav- 
ity filters do a very small portion of 
the work; in many places, in fact, grav- 
ity filters have become a mere safety 
device to prevent the passage of water 
of poor quality through the treatment 
plant if something should go wrong 
the pretreatment facilities. 
Hudson * and others have presented 
evidence that it is not necessary to 
operate filters at a preset constant rate, 
but that the filtration rate can vary 
from a relatively high initial rate, when 
the filter is clean, to a lower rate as 
the filter becomes clogged and dirty. 


OAL A. KALINSKE 


Jour. AWWA 


In other words, expensive control 
equipment designed to maintain a uni- 
form flow through the filter, regardless 
of its clogging condition, may really not 
be necessary. There is evidence that 
the great refinements that have been 
built into controllers to maintain a uni- 
form filtration rate are not scientifically 
justified, so far as water quality is con- 
cerned. Hartung® has demonstrated 
that filters can be operated satisfactorily 
and produce a water of high quality 
without controllers. It is not the least 
bit unlikely that future gravity filters 
will be designed for higher operating 
rates, and that the attendant control 
equipment will be either greatly simpli- 
fied or altogether eliminated. 


Backwashing of Filters 


Probably no other issue is the sub- 
ject of more widespread controversy 
among engineers than the issue of the 
best design of the underdrain system 
of gravity filters to secure a uniform 
and proper backwash distribution. 
Through the years, a great variety of 
underdrain systems has been devel- 
oped. Unfortunately, fundamental hy- 
draulics (which, in this instance, are 
far from simple) have been neglected 
or incompletely understood. Peculiarly 
enough, very little basic research has 
been done in connection with the hy- 
draulics of underdrain systems and 
flow through granular media. The 
author has been able to find only one 
good basic analysis of the hydraulics 
of a filter underdrain system, and that 
was published only 5 years ago.® 

In travels in various European and 
Latin American countries, the author 
has noted that wherever European 
engineers have been influential the air- 
water backwash system is used. This 
type of backwashing certainly seems 
to do an excellent job of cleaning the 
sand. According to the engineers and 
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operators who are familiar with this 
air-water backwash system, troubles 
such as shifting gravel beds, mudballs, 
and upset sand beds are practically un- 
known. Such difficulties are quite 
common in the United States, however, 
and plague many filter plants. It ap- 
pears that these troubles are, to a great 
extent, related to the particular system 
of backwashing that is used in the 
United States—that is, high backwash 
rates, which may at times be high 
enough locally to upset and shift the 
supporting gravel. 

In the European air-water backwash 
system, the water wash rate is only 
about half of the rate usually used in 
the United States. Good scrubbing of 
the sand is accomplished by the air, 
and not by high-velocity water. The 
agitation and turbulence produced by 
a combination of air and water appears 
to be much greater than that produced 


by a_ high-velocity water backwash 


alone. It thus appears that Europe is 
somewhat advanced over the United 
States in the field of backwash design 
and practice. Why this has taken place 
is a difficult question to answer, in view 
of the pride Americans take in the 
progress they have made in sanitary 
engineering. This, the author believes, 
is an outstanding example of what hap- 
pens when everyone is satisfied to con- 
tinue using standards and regulations 
that have been set up in years past, 
and when no one is concerned with 
making research studies to establish 
definitely whether certain other meth- 
ods and techniques are better. 
Probably one reason why there has 
been very little research in connection 
with filter backwashing is that there 
is no particular incentive for an equip- 
ment manufacturer to carry on such 
studies; there does not apear to be 
much that he could sell from an equip- 
ment standpoint. The author under- 
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stands that USPHS has set up a re- 
search project to study the hydraulics 
of backwashing, including the air- 
water backwash, and that this research 
is to be carried on at the California 
Institute of Technology. 


Diatomaceous-Earth Filtration 


In recent years several small treat- 
ment plants have been using diatoma- 
ceous-earth filters. Baumann’ re- 
ported in 1957 that 30 municipal plants 
in the United States were using 
diatomaceous-earth filtration. These 
plants treated water of relatively low 
turbidity, requiring, in most instances, 
no pretreatment. Because of the very 
small first cost, diatomaceous-earth fil- 
ters may, in the future, replace many 
gravity sand filters. Again, progress 
in that direction may be hampered, or 
even prevented, by state regulations 
that have outlived their usefulness. 

The removal of alum or iron floc by 
diatomaceous-earth filtration is some- 
thing that cannot be looked forward 
to with too much confidence. Even 
relatively small amounts of alum floc 
tend to clog a diatomaceous-earth filter 
very rapidly. Pretreatment of alum- 
coagulated waters must be carefully 
done, and the amount of floc entering 
the filter must be kept very small (per- 
haps 2-3 ppm). Also, filtration rates 
must be reasonable, and certainly 
should not exceed 2 gpm/sqft. In 
many instances, even  gpm/sq ft 
should not be exceeded if a reasonable 
length of run is to be obtained. Con- 
tinuous feeding of diatomaceous-earth 
is quite important if a relatively large 
amount of suspended matter is to be 
removed, and if the length of run is 
to be of at least 10-12 hr. This form 
of filtration has an application in the 
field of potable water treatment, but 
it cannot be applied widely. Until a 
great deal more information has been 
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accumulated, each treatment problem 
will have to be studied individually, 
and no general rules can be established. 


Disinfection 


So far as disinfection is concerned, 
there is no question that the United 
States has gone very far in producing 
safe water supplies. This does not 
mean, however, that there is no need 
for further research. No one can af- 
ford to overlook the possible applica- 
tions of ozone, which is so widely used 
in Europe. Bacteriologists and_biolo- 
gists still have much to learn about 
what is needed for insuring the de- 
struction of all filtrable viruses. 


Saline Water and Reclamation 


In the future, there will probably be 
more and more reuse of water, both 
in industry and for domestic purposes. 
This will be particularly true in areas 
where a suitable natural source is prac- 
tically unobtainable. It will also be 
quite interesting to follow the develop- 


ments in desalinization of sea water 


and brackish water. Some of the de- 


salinization techniques and equipment 
that have recently been developed are 


really phenomenal, when compared to 


_ what was possible, both technically and 
economically, 5-10 vears ago. It is not 
improbable that new distillation tech- 
niques, or some of the other methods 

- for removing dissolved solids, may be- 

_ come so economical that chemical treat- 
ment and filtration of turbid waters 


may become outmoded in some areas. 
This most certainly will be true if 
cheap atomic power becomes available. 


‘Summary 
There is definite evidence that re- 
search in various fields of water supply 
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engineering will increase in the future, 
and many more advances can be ex- 
pected through government-supported 
research. New developments, both in 
techniques and in the equipment field, 
may be accelerated by increased in- 
terest on the part of equipment manu- 
facturers, if engineers and regulatory 
agencies take more realistic attitudes 
toward new processes and equipment. 

There is a definite trend to cut the 
costs of water treatment plants, and to 
design each plant for the specific job it 
is to do. Diatomaceous-earth filtration 
may become more popular, especially 
for smaller plants, in order to reduce 
present high costs of construction. 

New developments in the reclama- 
tion of used water, both in industry 
and for domestic use, may open up 
new fields for research. Saline water 
conversion, particularly if a source of 
cheap power can be found, may one 
day altogether change the face of water 
supply practices. 
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Test Program for Filter Evaluation at Hanford 


Walter R. Conley and Raymond W. Pitman 


; A revision of a paper presented on Apr. 24, 1959, at the Pacific North- 
west Section Meeting, Vancouver, B.C., by Walter R. Conley, Engr., 
and Raymond W. Pitman, Specialist, both of the General Electric 


Co., Richland, Wash. 


A FILTER evaluation program, in 
which small experimental filters 
are utilized, has been conducted at 
Hanford, Wash., since 1950. The 
program became most useful when a 
5-gpm experimental plant was con- 
structed and operated at Hanford in 
1955. The test data presented have 
been confirmed in the production plants 
at Hanford. It is believed that the 
experimental results may be of use to 
water utility engineers and operators. 


Equipment 


\ variety of arrangements of test 
filter equipment is used in the pro- 
gram. The smallest filters are ap- 
proximately } in. in diameter and 2 ft 
iong. These small filters are used to 
obtain rough approximations of the 
effect of changing water treatment 
variables. The water to be filtered 
is treated in 4-liter beakers. The value 
of using the small filters is the speed 
with which useful data can be obtained. 
The limitation of the filters is that 
the volume of water treated and the 
the filters are both so small 
that misleading results are sometimes 
obtained. Evidence or data from the 
use of these small filters are considered 
only indicative of the probable results 
that will be obtained with the use of 
larger filters. 


size of 


A second type of filter that has been 
used consists of a glass tube about 2.5 
in. in diameter and 6 ft long. This 
type was used to filter water treated 
in the full-size filter plants. Flow 
was controlled at constant rates of 2, 
4, and 6 gpm/sq ft. The test filters 
were packed with a variety of mate- 
rials, and data on head loss and water 
quality were obtained. These filters 
were found to be reliable, but they were 
of limited value because pretreatment 
of water could not be varied as de- 
sired, owing to the necessity of main- 
taining uniform standard operations in 
the production plants. An additional 
limitation was the slow and rather in- 
accurate methods of measuring filtered- 
water quality then in use, methods that 
consisted of aluminum analyses, iron 
analyses, and turbidity analyses with 
a Baylis turbidimeter. 

Thus far, the most satisfactory 
equipment used for filter evaluation is 
a small 5-gpm complete filter plant 
(Fig. 1 and 2). This plant is equipped 
so that during chemical treatment, floc- 
culation time and speed, settling time, 
and filtration rate can be varied over 
a wide range. Data from this small 
plant have proved to be very reliable. 
After about 4 years of testing, there 
have been no instances of substantial 
differences between data obtained in 
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the experimental plant and data ob- 
tained in the operational plants. 
Another test filter is a full-size plant 
jilter, used to demonstrate the validity 
of the data obtained from the smaller 
filters, 
Since 1954, a light-scattering micro- 
photometer (Fig. 3), modified for the 
specific purpose of measuring filtered- 


ss of Head Gauge 


Fig. 1. 
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water turbidity, has been used at Han- 
ford.!. This instrument makes it pos- 
sible to evaluate filter performance 
more accurately and sensitively than 
with other equipment. Results of the 
test program show that the measuring 
instrument is essential if fundamental 
data on filters are to be obtained 


quickly. 


a Back Wash Header 


Filter Setup at Experimental Plant 


The settled water passes through a 2-in. pipe into the filters, which are 6 in. in diame- 
ter and loaded with filter media to the same depth as in the standard Hanford produc- 


tion plant filters. 
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Criteria 


The following criteria are used for 
valuation of filter performance: 

1. The filter must produce filtered 
‘ater containing less than 0.01 ppm 
irbidity for all raw-water conditions 
assuming optimum treatment), at a 
ate of 6 gpm/sq ft and a settling time 
f 1 hr. 

2. The duration of the filter run must 
e at least 6 hr, at a filtration rate of 

gpm/sq ft and a settling time of 1 
r for the worst raw-water conditions 
icountered. This gives a rate of 

head-loss increase of not more than 
ft/hr. 

The specified minimum duration of 

filter run is based on practical con- 
derations: manpower required for 
Iter washing, water lost while the 
Iter is off the line, and water used 
wr the backwash operation. A dura- 
on of 6 hr is not the absolute mini- 
1um from this standpoint, but it is 
1e most practical. 


Sand Filters 


Filters made of sand only, of various 
zes, were checked against the fore- 
TABLE 1 


Performance of Sand Filters With Different 
Alum Feeds, at Filtration Rate 
of 6 gpm/sq ft 


Sand Size 
US Sieve* 


10-ppm Alum Feed | 20-ppm Alum Feed 


Effluent 


Turbidity 


ppm 


Head | 
Losst 
ft/hr 


Effluent 
Turbidity 


Head 
Losst 


St/hr 
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TABLE 2 


Performance of Sand Filters Under Break- 
through Conditions, With Optimum 
Treatment* 


Effluent Turbidity— 
ree Head 


Loss 
ft/hr 


Sand Size | 
US Sievet 

Start End 
of Run of Run 
0.005 | 0.1+ 
0.004 | 0.005 
0.003 | 0.003 
0.002 0.002 


20-30 
30-40 
40-50 
50-60 


2.5 
2.0 
2.0 
2.5 


* A filtration rate of 6 gpm/sq ft was used. 
+ Passing-retained sizes are shown. 


going criteria. Typical results, when 
the alum feed is fairly small (10 ppm) 
and breakthrough i is not a problem, are 
shown in Table 1. It will be noted 
that the finer sand produces an effluent 
of greater clarity than that produced by 
the coarser sand. Additional — 
ments showed that the difference i 
clarity among the sands could be re- 
duced by feeding excess amounts of 
alum. Typical results with a relatively 
large alum feed (20 ppm), when break- 
through is not a problem, are also 
shown in Table 1. 

It will be noted that the difference 
in effluent clarity is small when alum 
feed is high—that is, filters made of 
coarse sand require more alum than 
filters made of fine sand. Although the 
data indicate that some of the sands 
meet the proposed criteria, this is not 
true for all situations. For example, 
when the raw water is difficult and 


coagulants, such as activated silica or | 
other chemicals, have to be used to— 
control filter breakthrough, all the fil- 
ters fail to meet the criteria. The Han- 
ford method of controlling break- 
through is to add a few parts per bil- 


0.3 
0.5 
0.9 
1.5 


20-30 
30—40 
40-50 
50-60 


0.008 
0.003 
0.002 
0.001 


0. 003 
0.001 

0.001 
0.001 


* Passing-retained sizes are shown. 
+ Head loss, of course, changes with the season of the 
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directly to the water entering the filters. 
This process is called “filter condition- 
ing.” These organic “filter condi- 
tioner” chemicals cause the floc parti- 
cles to adhere tenaciously to the filter 
media. The method has proved to 
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be superior to all other known methods 
in controlling breakthrough. Typical 
results are shown in Table 2. 

The high head loss on the coarser 
sand filters is caused by the need to 
feed large amounts of filter condition- 


-Rate of Flow 


Controllers 


utlets 


Rate-of-Flow Controllers at Experimental Plant 


The rate-of-flow controllers automatically compensate for the progressive change 
filter bed friction loss as coagulated matter clogs the filter. 


= 
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ers in order to control breakthrough. 
The fine sands gave exceptionally clear 
iltered water, but the head loss was 
ery high. 


Anthracite Filters 


Filters made of anthracite of various 
izes were checked against the pro- 
osed criteria. Typical results were 
ery similar to those obtained with 
and of the same mesh size. None of 
he filters met the criteria. 
Sand-Anthracite Filters 

Filters made of sand and anthracite 
together were checked against the cri- 
eria. Typical results are shown in 
fable 3. Treatment conditions were 
he same for all filters (low alum feed 
nd no conditioner feed). The table 
hows that water clarity from all filters 
is essentially the same, with greater 
sand depth and smaller sand size giving 
omewhat better results. Head losses 
n the filters, however, are widely dif- 
erent, but all are very low by the usual 
tandards. 

The kind of raw water being treated 
nd the kind of treatment have a 
arked influence on the results ob- 
tained from all the filters. For this 
reason, comparisons were made of filter 
performance during ideal treatment 
onditions for the filter composition 
sed. For example, when coarse sand 
; used, the alum feed and filter condi- 
tioner feed must be fairly high. When 
ne sand is used the alum and filter 
onditioner feed should be fairly low. 
‘able 4 shows the typical results ob- 
uined when chemical treatment was 
ptimum for the filters tested. Raw- 
‘rater conditions were difficult, com- 
arable to those for the filters in 
‘able 2. 

As shown in the table, the differ- 
nces in filtered-water clarity are small 


at the start of the filter run, but the | 


filters made with coarse sand or en- — 


tirely of coarse anthracite break 
through badly at the end of the filter 
cycle. Filters made of coarser mate- 
terials require more alum and more 
filter conditioner feed than the filters 
made of finer materials. 

The performance of the filters with 
regard to head loss is surprising. The 
filter made of coarse sand and anthra- 
cite (Filter 1) requires so much filter 
conditioner that the head loss is actu- 
ally higher than for any of the other 


TABLE 


Pe rformance of Sand-Anthracite Filters Under 
Easy Treatment Conditions* 


Sand Anthracite 
Effluent 


Turbidity 


Size | Depth 
US Sieve in. 


Size Depth 
US Sievet| in. 


30-40 3 
30-40 6 
30-40 | 10 | 10-40 
30-40 | 20 | 10-40 
6 | 10-30 
6 | 10-20 | 
8 6-18 | 
6 | 10-30 


10-40 
10—40 


* Low alum feed, no conditioner feed. The filtration 


rate was 6 gpm/sq ft. 
t+ Passing-retained sizes are shown. 


filters. Filter 5, made of anthracite 
with no sand, has the next highest 
head loss. In spite of optimum filter 
conditioner feed, these two filters break 
through badly near the end of the filter 
run. The general pattern shows that 
the fine sand is of basic importance 
in preventing filter breakthrough and 
insuring good filtered-water quality. 
The anthracite is of basic importance 
in reducing filter head loss. Filter 3, 
made of fine sand and very coarse 
anthracite, has the lowest head loss of 
any of the filters, and its filtered-water 
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clarity is almost as “Y as that for 
the best filter. Filters 2, 3, and 4 meet 
the proposed criteria. 


Head Loss Distribution : 


Tests were made of the head loss 
distribution at various depths in the 
filter beds. Typical results for difficult 


treatment conditions at the end of filter 


The filtered water is analyzed on the 


runs are shown in Table 5. These 
data show that floc particles penetrate 
deeply into the filter beds. Although 
the sand particles have a greater spe- 
cific gravity than the anthracite parti- 
cles, the difference in size of the par- 
ticles leads to substantial mixing of 
the materials after backwash. Sand 
- particles were observed as high as 12 
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microphotometer at regular intervals. 
breakthrough or poor filter recovery is easily and quickly detected. 
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in. up into the anthracite on the filter 
made of very coarse anthracite and 
fine sand. The mixing at the junction 
of the sand and anthracite exerts a 
very favorable influence on head loss, 
because the finer sand grains cannot 
form an impervious mat when mixed 
with coarse anthracite. This effect is 
found in Filter C of Table 5. Filtra- 


Fig. 3. Light-Scattering Microphotometer 


Filter 


tion is more or less uniform through- 
out the entire bed. The coagulated 
matter is accumulated throughout the 
filter rather than at the surface of the 
sand and anthracite. The end result 
is longer filter runs than can be ob 
tained with any of the other filters. 
Distribution of material in a give 
filter bed varies greatly, depending o 
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TABLE 4 
Performance of Filters Under Breakthrough Conditions With Optimum Treatment* 


Sand | Anthracite | 7” Filtrate Turbidity 


Ss 
Start End 
of Run of Run 
ppm ppm 


Filter 
Size Depth Size Depth 
US Sievet in, US Sievet 7 


10-40 | 12 0.005 | 0.1+ 
10-40 | 10 0: 0.004 0.005 
6-18 | 10 0: 0.004 | 0.005 
10-30 9 0.003 0.004 
10-40 18 0.006 | 0.1+ 


* Filtration rate, 6 gpm,/'sq ft. 
Passing-retained sizes are shown. 


the raw water and the treatment condi- the microphotometer are shown in 
tions. For example, when filter condi- Table 6. 
tioner feed is increased beyond the Calibration of the microphotometer 
optimum point, the top surface of the is complicated by light distortion by 
bed does almost all the work. Simi- the sample cell and by contamination 
larly, when the raw water contains of the standard samples as material is 
substances that promote the condition removed from the sample container by 
known as strong coagulation, the top the solvent action of the water. Cali- 
surface of the filter does a very high _ bration proved so difficult that the final 
percentage of the work. method chosen was as follows: Aver- 
Filter conditioning allows precise age suspended matter in filtered water 
control of floc penetration into the filter was determined by the cotton plug 
bed and, therefore, precise control of method of Baylis. At the same time, 
water quality and the length of the samples of this water were run on the 


filter runs. 
TABLE 5 


Turbidity Analysis Head Loss Distribution at Various Depths in’ 


All the turbidity determinations Sand-Anthracite Filter Beds 


noted were made on a modified light- 
scattering microphotometer.t This in- te 
strument is so sensitive that substantial 

umounts of turbidity are observed in A* | Bt 
listilled water. The accurate calibra- . 3 0 9g 
tion of this instrument in terms of the 10 55 30 
Standard Methods* turbidity stand- 20 57 60 
ards is virtually impossible, but the 24 5 85 
instrument can be calibrated to give = 10 100 
§ od rel ative turbidity value : The * Anthracite size (US sieve), 10-40; depth, 24 i 
instrument was compared with the Sand size (US sieve), 30-40; depth, 6 in. 
> + Anthracite size (US sieve), 10-20; depth, 24 
Baylis turbidimeter. Some typical re- — Sand size (US sieve), 30-40; depth, 6 in. 


: <a t Anthracite size (US sieve), 6-18; depth, 22 i ; 
sults that illustrate the sensitivity of — sana size (US sieve), 30-40; depth, 8 in. 


Percentage of Total Pressure Drop 


i 
me 
Pe, 
1 | 20-30 | 
is 2 30-40 = 
3 30-440 | 8 
4 30-50 | 6 
| 
| 
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microphotometer, and the percentage 
galvanometer deflection was noted. 
After a period of several weeks, a 
correlation was obtained between the 
cotton plug data and the microphotom- 
eter readings. <A colloidal silica solu- 
tion * was then used to reproduce this 
set point. At a later date, bentonite 
solutions were used to replace the col- 
loidal silica. This calibration method 
was standardized, despite the recog- 
nized weakness of the procedure. It 
is thought that the absolute turbidity 
values obtained by the Baylis plug 
method are low because some of the 


TABLE 6 


Comparison of Turbidimeter Readings 
Baylis 
Turbidim- 
eter 


Micr« 


* 
Sample tometer 


Distilled water (1) 


0.02 0.0 
0.001 0.0 
0.005 0.0 
0.01 | 00 
0.02 0.0 


Triple-distilled water (2) | 
Plant filtered water (1) | 
Plant filtered water (2) | 
Plant filtered water (3) 


*The numbers in parentheses refer to different 
samples; that is, there were two samples of distilled 
water and three samples of filtered water. 


particles pass through the cotton. For 
this same reason, the microphotometer 
readings are believed to be low. In 
spite of this, the high sensitivity of 
the microphotometer and its reproduci- 
bility are beyond question. The read- 
should be considered relative, 
rather than absolute. 


Filtration Rate Effect 


When water treatment conditions 
are difficult, the filtration rate has a 


decided effect on filtered-water quality, 


unless corrective action is taken. The 


* Ludox, manufactured by du Pont de 
Nemours & Co., Wilmington, Del. 
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most effective corrective action found 
in the Hanford laboratories is the use 
of filter-conditioning agents. Data 
were obtained at filtration rates from 
2 gpm/sq ft to 35 gpm/sq ft. Typical 
results are shown in Table 7. 

The data indicate that when no filter 
conditioner feed is used, the turbidity 
of the effluent water increases as the 
rate increases. But when the filter 
conditioner feed is adjusted properly, 
the filter flow has no effect on water 
quality, at least for rates as high as 35 
gpm/sq ft. The. increase in head loss, 
however, at the higher flow rates is 
very high. It has not been possible, 
with the knowledge available today, to 
increase the filtration rates to more 
than 8-10 gpm/sq ft, because of exces- 
sive head loss. From a water quality 
standpoint, rates much higher than this 
are satisfactory. 


Conclusions 


After testing these filters, as well as 
numerous other types of filters, and 
evaluating the results against the pro- 
posed criteria, a number of conclusions 
(when treating Columbia River water ) 
have been reached : 

1. Filters made either of sand or of 
anthracite alone do not meet the pro- 
posed criteria. 

2. Filters made of sand and anthra- 
cite together meet the proposed criteria 
when filter conditioning is used. 

3. Sand that passes a US No. 30 
sieve and is retained on a US No. 40 
sieve is optimum for a sand-anthracite 
filter. 

4. Anthracite that passes a US No. 
6 sieve and is retained on a US No. 18 
sieve is optimum for a sand-anthracite 
filter. 

5. Acceptable depths for the mate- 
rials are: 8 in. for the specified sand 
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some of the conclusions reached will | 
have to be modified to some degree — 


and a 22-in. depth for the specified 
anthracite. 


The experimental results presented 
in this article were obtained from stud- 
ies of Columbia River water. This 
water contains relatively small amounts 
of organic matter. The turbidity of 
the river is usually relatively low, but 
has been more than 1,500 ppm for 
short periods of time. Peak values of 
100-200 ppm turbidity are typical. 
Algae and other organisms in the water 
are not present in sufficient numbers 
to cause a major problem. Results ob- 
tained with other kinds of water will 


TABLE 7 

Effect of Filtration Rate on Treatment 
Requirements 

Filtrate 


Turbidity at 
Start of Run 


Filter 
Filtration 
Rate Conditioner 


epm, sqft 


0.00 
0.00 
0.00 
0.00 


0.00 
0.03 
0.05 
0.07 


0.15 0.005 


be different from the results obtained 
with Columbia River water ; the degree 
of the difference may be very small or 
very large. 

The criteria used for judging filter 
performance are subject to debate. 
The effluent turbidity requirement may 
be too stringent. If these criteria are 
changed, some of the conclusions and 
the composition of the filters will have 
to be changed. Furthermore, the com- 
plexity of the subject and the numerous 
variables involved make it likely that 


© 


after more data are obtained. 

In spite of these limitations, it is 
believed that the data and conclusions | 
are of general usefulness and can be — 
applied, at least to some degree, in any | 
filter plant operation. Such application — 
should be cautious and experimental. — 
Summary 


Filters made of sand alone, anthra- 
cite alone, and sand and anthracite to- 
gether, of various particle sizes and 
depths, were evaluated in experimental — 
facilities at Hanford. As an aid to 
judging the filter performance, criteria 
were prepared which specify that a 
satisfactory filter must produce filtered © 
water containing less than 0.01 ppm 
turbidity and that the filter run must 
be at least 6 hr for all raw-water condi- 
tions encountered, at a filtration rate 
of 6 gpm/sq ft and with a settling time 
of 1 hr. 

Filters made either of sand alone or 
of anthracite alone did not meet the 
criteria. The filters failed either to 
meet the quality requirements or the 
length-of-run requirement. But anum- 
ber of filters made of sand and anthra- 
cite together did meet the criteria. Fil- | 
ters made of the two materials were 
studied extensively with respect 
various particle sizes and depths. The 
best combination was 8 in. of 30-40. 
mesh sand (US sieve) and 22 in. of 
6-18 mesh anthracite. 

Performance of all filters varied 
greatly with chemical treatment and 
raw-water changes. Filter evaluation 
must include these variables. 

Distribution of coagulated matter at 
various depths in the filter bed was_ 
studied. It was shown that long filter 
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runs depend on reasonably uniform dis- 
tribution of coagulated matter through- 
out the depth of the filter. This uni- 
form distribution can be approximated 
by careful selection of filter media and 
judicious chemical treatment. 
Generally, carefully made filters can 
be operated at any filtration rate de- 
sired to obtain filtered water of 0.01 
ppm turbidity or less {assuming the 
use of special chemical treatment). 
The practical limitation on the filtra- 
tion rate is not quality of water but 
length of filter run. For Columbia 
River water, the upper limit of the 
filtration rate is nearly 10 gpm/sq ft. 


John R. Baylis 


Engr. of Water Purification, 
Water & Sewers, Chicago, IIl. 


Dept. of 


The information on high-rate filtra- 
tion contained in the article by Conley 
and Pitman should be studied by de- 
signers and operators of filtration 
plants throughout the country. The 
success of filtration at high rates is 
attributed largely to the use of sand 
and anthracite together in the filter 
bed. The authors use a method of 
turbidity measurement not generally 
used in water treatment plants. When 
turbidity as low as 0.005 is reported by 
their method, the writer wonders if 
this value can be compared to turbidity 
values found with instruments in gen- 
eral use. 

The authors’ article on “Micropho- 
tometer Turbidity Analysis”? showed 
the design of the microphotometer 
they used. The illustration gave the 
impression that there was a consider- 
able amount of electrical wiring in 
the instrument, even though all the 
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wiring was contained in a small device. 
So far, the writer has not used such 
a microphotometer. The instrument 
should be considered by water treat- 
ment plant operators and tested in a 
few plant laboratories to see if it gives 
information of greater value than that 
obtained with laboratory instruments 
now in common use. 


Turbidity Determinations 


While in charge of a water treat- 
ment plant laboratory in about 1920, 
the writer realized that methods of de- 
termining turbidity did not give much 
information on the clarity of the fil- 
tered water. Prevailing practice was 
to look at a sample of water in a 1-gal 
bottle and compare it with bottled 
samples containing known turbidities. 
Usually, if the turbidity was less than 
about 2, it was recorded as zero. The 
first step toward a more exact method 
of testing was the examination of water 
in a filtered-water basin with a sub- 
merged light. When the depth of the 
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water was 10-20 ft, the submerged 
light gave a sensitive detection of tur- 
bidity. Of the present devices in com- 
mon use, the submerged light is still 
the most sensitive one. Unfortunately, 
many of the submerged lights used 
throughout the country are so arranged 
that maximum sensitivity is not 
obtained. 

The next step toward sensitive de- 
tection of turbidity was to prepare an 
instrument with which samples could 
be tested in the laboratory. The in- 
strument now known as the Baylis 
turbidimeter * was developed in 1923. 
It accurately detects turbidities be- 
tween 0.1 and 2.0. Some operators 
an obtain a turbidity measurement as 
mall as 0.05. If it is essential to treat 
vater so that the turbidity is less than 
.l, a more sensitive device is, of 
ourse, advisable. The least turbidity 
lat can be detected with the sub- 
ierged light is less than 0.1, and seems 

be close to 0.01, if the submerged 
light has been installed to give maxi- 
ium sensitivity. So small a turbidity 
1easurement is, of course, unnecessary 

w filtered water in treatment plants. 
“he submerged light, however, does 
ot give a quantitative test. 

The submerged-light test is easy to 
1ake. The observer turns on a switch 
t the observation point above the 
vater, looks at the water, and then 

irns off the switch. The procedure 
eed not take longer than 5-10 sec. 
Yf course, the time used in going to 
nd from the observation point must 

e considered, for in some plants this 
oint may be a long distance from the 
iboratory. Utility laboratories are not 
nding it difficult to produce the de- 
ired clarity of water with instruments 
ow used to determine turbidity. If 
n industrial plant needs water of 


DISCUSSION—BAYLIS | 


better quality than that produced by 
the water utility, then such a plant 
should have its own means of making 
the water clearer. When there is avail- 
able a microphotometer that can be 
purchased for a reasonable price and 
that can make determinations more 
exact than those of standard turbidime- 
ters, utilities will begin to use it. 


Two-Layer Filter Bed 


The use of a special filtering me- ¥ 
dium * overlying sand is not new; such — 
filter beds, however, are not numerous. r 
In the past, most of these beds con- — 
sisted of a layer of sand deeper than _ 
that of the special filtering medium. q 
The possibility of two-layer filter beds 
was called to the writer’s attention in nN 
1935, when experiments with these 
beds were being conducted at the Chi- — 
cago Experimental Filtration Plant. “ 
In the 1935 annual report of the plant, 5 B= 
under the heading “Two-Layer Filter é 
Beds,” it is stated that: : 


The use of a layer of coarse filtering 
material of lower specific gravity over a 
bed of finer filtering material has some 
possibility of being practical. The spe- 
cific gravity of the coarser material 
should be sufficiently less than that of 
the finer material so that it will remain 
at the top of the bed. The coarse mate- 
rial serves as a roughing filter and a 
greatly lengthens the filter runs. A 2-in. ‘ah r 


layer of coarse crushed quartz was placed — 


over a bed of magnetite in one of the 
glass tube units. The magnetite has a 
specific gravity considerably greater than 
that of quartz, and with the sizes used 
there has been very little mixing of ~. 
two materials. 

Three beds of sand with 2-in. a 
of coarse anthracite coal have been plac ed 
in service. One of the small plant filters 


* Anthrafilt, a product of Anthracite 
Equipment Corp., Wilkes-Barre, Pa. 
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was used for one of the beds, and the On the filter in which the surface wash 
other two were glass tube filters. The was not used, there was such an accumu- 
plant filter has a surface area of 10 sqft. lation of mudballs in the top layer of 

. . There was some loss of coal each coal and the top of the sand that it would 
time the filter was washed, and it appears not seem advisable to omit the surface 
that the surface washing system cannot wash. The two-layer bed, with anthra- 
be used for beds containing anthracite cite coal for the top layer, therefore, may 
coal on account of the high loss of coal. not prove practical. 


TABLE 8 
Cotton Plug Filter Tests for Ash Determinations 


ate of Filte Date of Filte 
5939 | Amount of Ash on Filters—ppm 9930-40" Amount of Ash on Filters—ppm 


Filter 10 | 
24 in. 
Started | Ended Sand || Started | Ended 
Mediumt |, + Medium 
(0.57 mms), (0-84 mm})| (0.57 mmt) 


Filter 7 | Filter 11 | 

24 in. 20 in. a 24 in. Sand 
Sand 

(0.84 mmf) (0.50 mm}) 


0.027 | Feb “0.575 0.467 0.348 
i 24 


0.058 0.079 | 0.278 0.386 


Aug. 0.127 0.120 
9 0.106 


| 
0.226 0.021 0.031 0.350 0.297 
O101 (0.054 0.037 0.391 0.474 
0.146 0.034 0.062 |\Mar. 4 5 Y 0.595 0.219 
0.155 | 0.093 0.100 | 0.164 0.087 
0.148 | 0.059 0.035 | 0.220 0.730. 
0.096 0.065 | 0.054 1.100 0.908 
0.074 0.029 0.030 | | 
0.105 0.040 0.050 5. 1.085 0.831 
0.120 0.113 0.065 || 0.048 0.014 
0.054 0.060 0.019 E t 6.863 0.321 
0.140 0.151 0.154 0.492 0.371 
0.082 0.040 0.018 * 0.314 0.327 
O.175 0.160 0.174 | 0.490 0.324 
0.050 0.024 0.021 | 3 5 ; 0.908 0.342 
0.321 0.192 0.162 
0.043 0.018 0.023 Filter 5/ 
0.099 0.074 0.043 24 in. 
0.102 0.076 0.023 Sand 
0.073 0.121 0.055 (0.50 mmf) 
0.099 0.098 0.034 |! — ~ 
0.060 0.046 0.124 | 0.077 0.548 
0.134 0.037 0.015 : 0.151 0.344 
0.210 0.029 0.054 | 0.332 0.714 
0.209 0.207 0.012 2 2 0.398 0.487 
0.259 0.031 0.016 | 0.141 0.374 
0.209 0.080 0.018 0.387 0.466 
4 in. 7 0.149 0.188 
| _ Special 0.082 0.267 
| Mediumt 0.104 0.151 
| (1.5 mmf) $ 0.040 0.129 
| Added | 0.012 0.040 
— —— 0.042 0.046 
0.218 0.090 0.035 jjJun. 0.031 0.056 
0.165 0.056 0.040 | 0.048 0.053 
0.570 0.321 0.158 y 0.016 0.057 
0.324 0.307 0.156 0.059 0.043 
0.492 0.227 0.202 Jul. Jul. § 0.042 0.073 
0.245 0.266 0.137 | | 0.079 0.030 


0.500 0.507 0.219 0.056 0.026 
O.A17 0.457 0.133 0.045 0.055 
0.316 0.186 0.315 0.034 0.017 


* Aug. 2, 1939-Dec. 26, 1939; Jan. 9, 1940-Aug. 2, 1940. 
+ Anthrafilt. 
t Effective size. 
§ Start of weak coagulation period. 
Filters 7 and 10 taken out of service, Filter 5 substituted. 
# End of weak coagulation period. 
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Another reference to two-layer beds 
appears in the report of the experi- 
mental plant for November 1939: 


On several occasions tests have been 
run on the effect of placing a layer of 
anthracite coal over the sand in a filter 
bed, using coal of larger size than the 
sand. The purpose of these experiments 
is to use the coarse material of coal at 
the top for straining out most of the 
coagulated matter, and the sand for filter- 
ing out any material which 
through the layer of coal. The coal has 
1 specific gravity less than that of sand 
and remains in a layer at the top of the 
bed after backwashing a filter. 

A layer of coal 3 in. thick was placed 
over the sand in one of the small plant 
filters. The coal has an effective size 
close to 1.5 mm, and the sand has an 
effective size close to 0.5 mm. This ar- 
rangement greatly lessens the rate at 
which the loss of head increases on the 
filter. Previous experiments indicate that 
this is a practical means of lengthening 
the filter runs, and beds of the two mate- 
rials are being used in several filtration 
ants throughout the country. 


passes 


Data on the duration of filter runs 
efore and after the addition of spe- 
‘ial medium in the filter are found in 
he records of the Chicago Experi- 
nental Filtration Plant. Test runs 
were conducted during the period Nov. 
», 1939-Dec. 4, 1939. The filter used 
(Filter 11) was a circular steel tank 
with 10 sq ft of filtering surface. The 
ved was rebuilt on Nov. 1, 1939, with 
bout 20 in. of sand, 0.50 mm in effec- 
ive size. The filter was set to operate 
it 3.5 gpm/sq ft. The duration of a 
ilter run was the time required for 
iead loss to increase to 8 ft. Without 
he special filtering medium, filter runs 
weraged 5.94 hr. Test runs were then 
nade with 4 in. of special medium (the 
November 1939 report states 3 in.) 
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added to the top of the sand. The 
effective size of this medium was not 
recorded ; it was probably 16-20 mesh, 
about 1.5 mm in effective size. With 
the special medium, the average dura- 
tion of filter runs was 27.28 hr. <A 
change in the water may have caused 
some, but not much, of the difference 
in the duration of the runs. 

About 3 months before the tests on 
duration of filter runs, one of the small 
plant filters (Filter 10), with 10 sq ft 
of filtering surface, was filled with 
about 24 in. of special filtering me- 
dium having an effective size of 0.57 
mm. Cotton plug filters were in use 
at the time. The results of cotton plug 
filter tests for Filters 10, 7, and 11 are 
shown in Table 8 for the period August 
1939-August 1940. The filters were 
operated at a rate of 3.5 gpm/sq ft. 
This period included winter months, 
and there was a long period of weak 
coagulation, as is shown by the large 
amount of ash in the cotton plug tests. 
An ash content of approximately 0.025 
ppm is the amount expected in the 
better operated filtration plants. The 
effect of acid-treated sodium silicate on 
the strength of the coagulation is re- 
flected in the 48-hr run started on Mar. 
19, 1940, about the middle of the weak 
coagulation period. The amount of 
ash on each of the cotton plugs was 
not large until after the middle of De- 


cember 1939, and returned to normal 


in May 1940. The ash content of ne 
cotton plugs increased and decreased | 
on all the filters alike. It was far 
greater than any amount that could 
be tolerated during the December—May 
period. 

A major difference in the way these 
tests were conducted is the thin layer 
of special medium used in contrast with 
the thick layer of anthracite used by 
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Conley and Pitman, The thick layer 


may be the main reason for the better 
results. 


Conclusion 


The fact that not many filters with 


the two-layer bed are in use indicates 


that there is not much need for them 
in the average water treatment plant. 
The results obtained by Conley and 
Pitman are amazing and should be 
studied by the water industry, particu- 
larly in places where filter runs are 
short over long periods of time, or 
where the use of high-rate filtration is 
being considered. 


EVALUATION—DISCUSSION 


Jour. AWWA 


If water of the highest quality can 
be produced at filtration rates of 6 
gpm/sq ft, fewer filters would be re- 
quired in new plants, and extension 
of existing filters would not be needed 
so early. One important consideration, 
however, is that the water must be 
conditioned properly for high-rate 
filtration. 
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Manganese Removal by Oxidation With 
Potassium Permanganate 


Reginald B. Adams 


A contribution to the Journal by Reginald B. Adams, Supt. of Puri- 


— fcation, Wilkinsburg-Penn Joint Water Authority, Wilkinsburg, Pa. 


available for the re- 
moval of manganese from water 
supplies can normally be classified as 
high pH, oxidation, or a combination 
of the two. The high-pH method has 
been recognized as one of the simplest, 
yet it has been one of the most mis- 
used. High-pH methods have been 
selected quite often without concern 
for side problems, such as calcium car- 
bonate stabilization, poor coagulation, 
and taste, and odor removal. 
Oxidation of manganese with chlorine 
has been used extensively in various 
pH ranges. In many instances, the 
speed of reaction with chlorine has 
been too slow, or the design of the 
plant has been such that the oxidation 
of manganese has not been complete in 
the flocculation stage, with the re- 
sultant carryover of the fine manga- 
nese precipitate to the filters. 
Potassium permanganate has been 
used successfully for the regeneration 
of manganese ion exchanger. This 
process utilizes permanganate as a 
powerful, fast-acting oxidizing reagent 
and one that does the job usually in 
the neutral or slightly alkaline pH 
range. Potassium permanganate can 
be used basically in the same manner 
to oxidize the manganese in a conven- 
tional water treatment plant. The 
oxidation is fast in a slightly alkaline 
pH range. 


Theoretical Considerations 


Latimer? gave the following oxida- 
tion states of manganese: 

1. Manganese forms compounds of 
the manganous ion, Mn**, and the 
manganic ion, Mn**t. Their corre- 
sponding oxides are basic. 

2. The Mn** oxide, MnO,, is 
amphoteric—that is, it is capable of 
reacting as either electropositive or 
electronegative, and as either an acid 
or a base. It is comparatively inert 
toward hydrogen ions and hydroxide 
ions. 

3. An ion of the Mn** state—hypo- 
manganate, probably MnO,-—has been 
recently observed, but it is highly un- 
stable in both acidic and basic solutions. 

4. The Mn* oxidation state is rep- 
resented by the manganate ion, 
MnO,--, which is stable only in alka- 
line solution. 

5. The Mn™ oxidation state is rep- 
resented by permanganate, MnO,-. 

Kolthoff and Belcher? have listed 
the general equations for permanga- 
nate oxidations in acid and alkaline 
solutions. In acid solution, the re-— 
action is 


MnO,- + 8H* + Se Mnt* + 4HO. 


The oxidation potential of a permanga- 
nate-manganous system is influenced 
greatly by the hydrogen ion concentra- 
tion in acid solution. In weakly acid, 
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neutral, or alkaline solution,. the re- 


action is 


MnO, + 4H* + 3e = MnO, + 2H,0. 


In this reaction, the hydrogen ion con- 
centration has less effect on the oxida- 
tion potential of a permanganate- 
manganous system than it has in a 
stronger acid solution. 

The reaction of permanganate with 
manganous ion in neutral solution 
(Volhard’s reaction) is 


+ 2MnO, + + 4H?*. 


Hydrated MnO, has properties of an 
acid and adsorbs manganous ions, pre- 
venting their complete oxidation. The 
difficulty can be avoided, as Volhard 
demonstrated, by introducing suffi- 
cient amount of calcium, magnesium, 
barium, or zine salt. These cations 
are adsorbed preferentially, leaving 
manganous ions in the solution free 
to react. The theoretical amount of 
KMnO, required to oxidize Mn** is: 
~3Mn**:2KMnO, = 165:316, or 1.0 
part Mn** requires 1.9 parts KMnQ,,. 
The reaction of potassium permanga- 
nate with Mn** in neutral or alkaline 
solution oxidizes the Mn** and reduces 
the MnO, to hydrated MnO,. The 
1H of probable partial precipitation is 
less than pH 5.0; the pH of complete 
precipitation is about pH 8.0.° 
Potassium permanganate will oxi- 
_dize a great variety of substances in 
the acid, neutral, and alkaline ranges.* 
Some of these substances include sul- 
fide, sulfite, thiosulfate, cyanide, fer- 
rous iron, manganous manganese, 
_ chromic chromium, and numerous or- 
ganic compounds such as organic acids, 
alcohols, aldehydes, ketones, phenols, 
and various nitrogen compounds. 
Generally speaking, the oxidation of an 
organic compound with permanganate 
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proceeds more rapidly in an alkaline 
solution than in an acid solution.? 

Permanganate does not oxidize am- 
monia to nitrogen or nitrogen oxides 
quantitatively. In an alkaline medium, 
there is some formation of nitrite. In 
neutral or alkaline solution, perman- 
ganate does not react with nitrite.” 


Manganese in Raw Water 


Manganese has been a problem at 
the Wilkinsburg, Pa., treatment plant 
for many years. The source of supply 
originally and prior to the construction 
of the treatment plant was the Alle- 
gheny River at Nadine, Pa. The raw- 
water intake is 8.9 mi above the con- 
fluence of the Allegheny and Mononga- 
hela rivers at the point in Pittsburgh. 
The main Allegheny River north of the 
confluence with the Kiskiminetas River, 
21.3 mi upstream from the Wilkins- 
burg intake, has long been known to 
contain small amounts of manganese. 
The Kiskiminetas, a major tributary 
of the Allegheny, has been known to 
contain large amounts of manganese. 
The Kiskiminetas watershed includes 
an area of western Pennsylvania that 
has been the site of extensive bitumi- 
nous coal-mining operations. The 
Loyalhanna River, a major tributary 
of the Kiskiminetas, has a normal 
manganese content of 0.5-8.0 ppm, de- 
pending upon flow conditions. The 
source of the manganese is coal mine 
drainage.*® The Conemaugh River, a 
second major tributary of the Kiski- 
minetas, has a normal manganese con- 
tent of about two times that of the 
Loyalhanna; yet the acid streams flow- 
ing into the Conemaugh as a result of 
coal mine drainage carry approximately 
the same manganese content as those 
flowing into the Loyalhanna. The 
noticeably large difference in the man- 
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* 
ganese content of Conemaugh water 
as compared to Loyalhanna water is 
attributed to the operation of a large 
steel mill on the headwaters of the 
Conemaugh. 

The soluble manganese content of 
Allegheny River water at the Wilkins- 
burg intake has been 0.5—4.0 ppm, with 
a normal yearly average of 1.20 ppm. 

A secondary source of supply was 
utilized at Wilkinsburg during the 
period 1896-1902, when filter cribs 
made of sand and gravel were con- 
structed in the bed of the Allegheny 
River and connected to the raw-water 
intake. A mixture of filtered river 
water and ground water became the 
main source of raw-water supply until 
the treatment plant began to operate 
in 1910. Gradually, the percentage of 
raw river water increased as a result of 
the demand on the system, until it be- 
came difficult to detect the presence of 
ground water. The ground water had 
a manganese content of approximately 
1.50 ppm, and undoubtedly it increased 
the manganese content of raw water 
in the early days of plant operation, 
and to a lesser extent in recent years. 


Problems With Manganese 


In 1930, the treatment at the Wil- 
kinsburg plant consisted of coagulation 
with alum and lime at a pH of 6.8-7.0, 
sedimentation, filtration through sand, 
and postchlorination. Filter runs aver- 
aged 24 hr. The fine sand grains were 
coated with manganese dioxide depos- 
its ; the coarse sand grains were stained 
dark brown with manganese dioxide, 
and the gravel beds were heavily coated 
and cemented with it. The distribu- 
tion mains, service lines, and meters 
carried heavy deposits of manganese 
dioxide. Manganese removal in the 
plant averaged 18-20 per cent. Con- 
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sumer complaints about the water, with 
regard to the laundering of clothes 
and the staining of porcelain fixtures, 
were numerous. 


Treatments for Manganese Removal 


At Wilkinsburg, prechlorination in 
the marginal range resulted in very 
little, if any, improvement in manga- 
nese removal. Various pH ranges 
were tried, with manganese removal 
improving as the pH was increased. 
Complete manganese removal was ob- 
tained when the pH was such that 2.0 
ppm of causticity resulted. To bring 
this about, the pH range had to be ap- 
proximately 9.4-9.6. The water was 
strongly buffered at this range, to the 
extent that control of manganese re- 
moval by pH was not nearly as sensi- 
tive as control by the causticity test. 
Unfortunately, high-pH treatment 


without recarbonation places a heavy 


load on the filters and soon causes the 
sand grains to become coated until they 
are no longer effective for removing 
fine precipitates.7 There were no fa- 
cilities for recarbonation at the plant. 
Attempts were made to stabilize cal- 
cium carbonate just ahead of the filters 
by using polyphosphate, but these at- 
tempts were unsuccessful. 

Laboratory studies involving the use 
of free residual chlorination were made 
at the Wilkinsburg plant. It was con- 
cluded that oxidation of manganese 
with chlorine at the breakpoint (1.5-hr 
contact) and at pH 8.0 was a slow re- 
action and that considerable contact 
time should be provided before mixing 
and coagulation. The latter observa- 
tion was more or less confirmed with 
plant scale runs at Natrona, Pa. The 
plant at Natrona used Allegheny River 
water as the source of supply. Free 
residual chlorination at pH 8.0 did not 
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oxidize the manganese quickly enough 
for the manganese precipitate to be ad- 
sorbed in the coagulation process. As 
a result, the filters had to remove most 
of the manganese as a fine precipitate. 


Oxidation of manganese with chlo- 


rine dioxide in conjunction with pre- 
chlorination in the marginal range was 
tried on a plant scale for several 
months during 1947. Laboratory ex- 
periments had indicated that chlorine 


dioxide would oxidize manganese in 


the pH range 8.0-8.5, but in plant 
practice a range of 8.5~-9.0 had to be 


Again calcium carbonate depo- 
sition was excessive and the treat- 
ment was expensive. A minimum of 
2 Ib/mil gal sodium chlorite was re- 
quired; at times the dosage was as 
high as 5 |lb/milgal. One thing in 
favor of chlorine dioxide should be 
mentioned. The speed of reaction was 
such that 65 per cent of the manga- 
nese was removed in the sedimentation 
basins. 


used. 


Advantages of Permanganate 


Rapid and complete removal of solu- 
ble manganese in the distribution 
mains led to the suspicion that rapid 
oxidation was taking place soon after 
the water left the treatment plant. 
Samples of manganese deposits were 
taken by flushing hydrants of the dis- 
tribution system. These deposits of 
manganese, when added to and stirred 
in samples of filtered water contain- 
ing soluble manganese, completely 
eliminated soluble manganese. Similar 
deposits added to samples of prechlo- 
rinated raw water that had been ad- 
justed to pH 7.2-7.4, completely elimi- 
nated soluble manganese. The man- 
ganese deposits from the distribution 
mains were assumed to be manganese 
dioxide. Samples of chemically pure 
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manganese dioxide, however, did not 
produce the same effect as the material 
taken from the mains; in fact, these 
samples gave no reaction. The only 
conclusion to be reached from these re- 
sults was that there should be found 
an oxidation state of manganese 
greater than Mn**. An attempt to find 
a higher valence of manganese led to 
the common laboratory reagent potas- 
sium permanganate. A very rough 
test indicated that potassium perman- 
ganate would remove soluble manga- 
nese from the raw water in much the 
same manner as did the deposits from 
the mains. 

Jar tests demonstrated that potas- 
sium permanganate would rapidly oxi- 
dize soluble manganese, generally in 
the pH range 7.5-8.0, and that the 
resulting precipitated manganese could 
be coagulated. In 1941, a plant trial 
run was: indicated, but when the pur- 
chasing department tried to get potas- 
sium permanganate, they were in- 
formed that it was an import from 
Germany and that shipments had been 
stopped because of the international 
situation. Laboratory work continued 
until potassium permanganate became 
available in 1948. 

In the meantime, an article was pub- 
lished relative to the use of potassium 
permanganate for the removal of man- 
ganese from a water supply used at 
a paper mill.§ Permanganate was used 
during the period 1933-41; then it be- 
came unavailable because of the war. 
The ratio of permanganate to manga- 
nese was slightly greater than 2:1. 
It is assumed that prechlorination was 
not used with the permanganate 
treatment. 

Studies made at Wilkinsburg, by 
Chamberlin, Kinney, and Adams in 
1948, demonstrated that superchlo- 


ae 
kee ote 
ah 
far 
: 
4 


Feb. 1960 
rination, with as much as 8-10 ppm 
chlorine beyond the breakpoint (1.5-hr 
contact), was necessary in order to 
get the speed reaction at pH 8.0 
comparable to that of permanganate. 
Furthermore, it was concluded that the 
most logical and economical method of 
oxidizing manganese was with a com- 
bination of chlorine and permanganate. 


Plant Scale Treatment 


Potassium permanganate was first 
tried on a full plant scale in 1948. It 
has been used constantly since that 
time. There was very little informa- 
tion available on the use of permanga- 
nate for manganese removal in water 
treatment, aside from its use in regen- 
erating manganese ion exchanger fil- 
ters. Day-to-day observations, prob- 
lems, and experimental and plant scale 
data are discussed below. 


Method of Feed 


Small capacity plants, 1.0 mgd or 
less, find it advisable to feed permanga- 
nate as a 2 per cent solution, with a 
proportioning pump. Larger plants 
will more likely prefer dry-feed meth- 
The Wilkinsburg plant has used 
dry-feed equipment to feed permanga- 
nate at rates between 6 mgd and 
mgd. Ordinary technical-grade potas- 
sium permanganate is too hygroscopic 
to feed dry, unless a drier is added. 

Ground alum, 10 per cent by weight, 
was admixed with permanganate as a 
drying agent during normal weather 
conditions. The amount of alum was 
increased to 15 per cent for conditions 
of extremely high humidity. Recently, 
however, a_ free-flowing potassium 
permanganate has been developed.* 


ods. 


* The material was developed in 1958, by 
the Carus Chemical Co., La Salle, IIl. 
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This new chemical has been used on 

an experimental basis for a period of 

6 months and has been found to feed 

satisfactorily without the addition of a 

drying agent at the plant. It is ad- 


visable to work the material through 
screen when charging storage 


a }-in. 
hoppers. 

Technical-grade potassium perman- 
ganate is packaged in 25-lb kegs, 110-Ib 
kegs, and 600-lb drums. Free-flowing 
potassium permanganate can be han- 
dled pneumatically as long as organic 
matter is not introduced. 


Order of Chemical Additions 


Chemical equations involving the 
oxidation of Mn** with permanganate 
in the pH range 7.2-8.3 have been sug- 
gested earlier. In actual practice, chlo- 
rine is added to at least the marginal 
range of 0.3-1.0 ppm total available 
chlorine. This oxidizes the ferrous 
iron and partially satisfies the chlorine 
demand of the water, which would 
otherwise require more permanganate. 
Chlorine can be used in the marginal, 
intermediate, or free residual range. 
The balance of the oxidation potential 
is supplied by permanganate. The per- 
manganate oxidation when used with 
chlorine is, therefore, partially selec- 
tive to the manganous manganese, and 
the end product is hydrated manganese 
dioxide. The latter is of fine particle 
size at the pH used and, when present 
in amounts exceeding 1.50 ppm as Mn, 
creates a real coagulation problem. It 
follows that the higher the concentra- 
tion of manganese the more difficult 
the coagulation problem. It is believed 
that practically all the Mn** manganese 
should be oxidized so as to take advan- 
tage of heavy flocculation and sludge 
contact. Oxidation taking place be- 
yond the floc zone puts a manganese 
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TABLE 1 
Speed of Oxidation by Permanganate 


at Various pH Levels 


j 
KMnQO, Required* Reaction Timet 
| min 


4.2 
8.0 
9.0 


* The experimental dosage of permanganate required 
is somewhat higher than that used in practice. 

+ Because of the time necessary for the addition and 
adjustment of chemicals, and because of the short mix 
ing period and filtering period, reaction times of less 
than 5 min could not be estimated. 


load on the filters. The manganese 
precipitate is fine, and the penetration 
can be quite deep into the filters. The 
major portion of the manganese should 
be removed in the sedimentation basins. 

The order of adding chemicals was 
somewhat different during the early 
development stages from the order at 
the present time. At first, the order 
was chlorine (5—10-min contact ), alum, 
lime, and permanganate. Later, the use 
of polyelectrolytes changed the order 
to chlorine, lime, permanganate, alum, 
and polyelectrolyte. The order of 
chemical additions is very important 
in laboratory studies because of the 
time lag between additions, and it is 
well to adhere to the same order in 
plant practice. It is also well to re- 
member that the permanganate should 
not be added to an acid solution, be- 
cause the amount of permanganate re- 
quired will then have to be increased. 
The permanganate will oxidize man- 
ganese in acid solution, but it will not 
necessarily be as selective to manga- 
nese, which accounts for the greater 
quantity of permanganate needed. The 
explanation of this is evidently related 
to the fact that permanganate carries 
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a higher potential in very acid solution 
than in neutral or alkaline solution; 
otherwise the change in order of add- 
ing chemicals is primarily done to alle- 
viate the coagulation problem. a. 


Speed of Reaction 


One of the main advantages of the 
permanganate treatment for the oxida- 
tion of Mn** is the speed of reaction. 
The manganese can be oxidized and 
precipitated during the usual mixing 
and flocculation period. An attempt 
was made to check the reaction time at 
various pH levels, but the time was so 
short that only an estimation could be 
made. <A synthetic solution was pre- 
pared containing 1.0 soluble 
manganese and 0.5 ppm total resid- 
ual chlorine. Aliquot portions were 


treated with permanganate at various 
pH levels and the time for oxidation 
measured. Results are summarized in 


Table 1. 
pH Range 


The pH range for oxidation at the 
Wilkinsburg plant has been 7.4-8.3. 
The oxidation reaction itself is not 
limited to the above pH range. The 
lower limit, pH 7.4, has been estab- 
lished by experience as the minimum 
pH at which 0.50 ppm manganese can 
be speedily and completely oxidized 


TABLE 2 


Relationship Between Manganese Concentration 
and pl Range Relative to Permanganate 
Treatment 
Soluble Mn 
Concentration 
in Raw Water 
ppm 
<0.5 
0.5—1.0 
1.0-1.5 
1.5—2.0 
2.0—-4.0 


pH Range 
for KMnO, 
Treatment 


7 
22 
5.0 1.8 <5 
1.6 <5 
1.0 <5 
: 
=. 
3 
— 
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and the manganese colloid broken 
and properly conditioned for filtering. 
The slightly extended pH range of 
7.2-8.3 will apply in many instances 
when low concentrations of manganese 
are encountered. Table 2 illustrates 
the relationship between pH range and 
manganese concentration relative to 
the permanganate treatment. 


Coagulants and Coagulant Aids 


Alum and ferric sulfate. The selec- 
tion of the best coagulant has been 
one of the most difficult phases of the 
permanganate treatment. Serious con- 
sideration must be given the fine col- 
loidal manganese precipitate formed 
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ferrous iron in low-temperature raw 
water with chlorine, were more effec- 
tively coagulated with alum than with 
ferric sulfate in the pH zone 7.4-8.3. 

Activated silica. A search for more 
efficient methods for the coagulation of 
manganese colloids led to experimental 
work with activated silica. Laboratory 
results were most encouraging.® The 
sodium bicarbonate method of activa- 
tion was used. Plant scale operation 
followed closely the data obtained in 
the laboratory. 

Activated silica does not act directly 
on the manganese colloids, as far as can 
be determined, but it does aid the co- 
agulant alum in breaking up the col- 


TABLE 3 


| Duration of 
KMn0O, Treatment Filter Runs | 
| hr | 
| 


Without polyelectrolytes 60 
With polyelectrolyte* 67 
With activated silica 73 


Effects of Polyelectrolytes Used With Permanganate Treatment 


- 
| Wash Water 
Used 


Mn Removed 
by Basins 


Fe Removed Period of 
by Basins Time Used 


yr 


71.3 
74.2 
74.7 


89.4 4 
91.4 3 
91.6 4 


* Hagan’s coagulant aid HCA-18. 


within seconds after the addition of 
permanganate when the precipitate is 
to be coagulated in the pH range 
7.4-8.3. Alum was first tried as the 
coagulant. It worked well, except for 
a problem involving soluble aluminum- 
silica complex, a problem that be- 
came evident particularly during pe- 
riods of low water temperature. A 
ferric sulfate coagulant was tried on 
a plant scale for several months. Con- 
trary to some references in the litera- 
ture, ferric sulfate was not as effective 
as alum for the colloids of manganese 
in the pH zone 7.4-8.3. Incidentally, 
it was also concluded that colloids of 
iron resulting from the oxidation of 


loid. It is quite apparent that the 
manganese colloid does not carry a 
strong positive charge in the pH range 
7.4-8.3, owing to the lack of reaction 
between the activated silica and man- 
ganese dioxide. . It is suggested that 
the manganese colloid is broken by ad- 
sorption of calcium and magnesium 
ions at pH range 7.4-8.3, and that the 
aluminum-silica floc is more efficient 
than straight alum floc in adsorbing 
the finely precipitated manganese di- 
oxide. Where time of mixing, floccu- 
lation, settling, and high coagulant dose 
are not a matter of concern, excellent 
adsorption of the manganese colloid 
can be accomplished with a good alum 
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FABLE 4 


Average Quantities of Chemicals Used With 
Permanganate Treatment for Manganese 
Removal at Wilkinsburg 

Amount 


sed 
mil gal 


Chemical 
Chlorine 19 
Lime 186 
Potassium permanganate 10 


25 


Alum 


Coagulant aid a 
floc and without the use of a polyelec- 
trolyte. Experience has shown, how- 
ever, that the use of a polyelectrolyte 
involves no additional cost, because of 
the corresponding reduction in coagu- 
lant needed, and because of the greater 
efficiency in the coagulation process. 
The filtrability of the polyelectrolyte- 
treated water is readily demonstrated 
in longer filter runs (Table 3). The 
aluminum-silica complex problem men- 
tioned previously is not to be confused 
with the use of activated silica. Actu- 
ally, the activated-silica process helped 
to reduce this problem, but not to a 
satisfactory degree. The real answer 
to the aluminum-silica complex prob- 
lem at Wilkinsburg will be a two-step 
treatment whereby the pH will be 
lowered in the second step after the 
oxidation of manganese for complete 
aluminum removal. 

Coagulant aid. Activated silica was 
used on a plant scale for 4 years, until 
a packaged polyelectrolyte * became 
available. This has been used for ap- 
proximately 3 years, primarily because 
of the ease of handling and feeding. 
No activation is required. The mate- 
rial is dry fed. An excess of water 
is added to make a slurry, and from 
this point on, the polyelectrolyte is used 


* Hagan's coagulant aid HCA-18, made 
by Hagan Corp., Pittsburgh, Pa. 
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in the same manner as activated silica, 
even to the same average dose of 3.0 
ppm. Table 3 the effect of 
polyelectrolytes on plant operation. 


shows 


Chemical Dosage 


Table 4 lists the average quantities 
of chemicals used with the permanga- 
nate treatment for manganese removal 
at Wilkinsburg. These quantities are 
not entirely chargeable to the manga- 
nese removal treatment. Sterilization, 
clarification, iron removal, and odor 
reduction are accomplished at the same 
time. 

The exact ratio of chlorine to per- 
manganate will depend on the treat- 
ment problems and on the preference 
of the operator directing the treatment. 
For example, the work at Wilkinsburg 
has been done almost entirely with pre- 
chlorination in the marginal range 
(0.3-1.0 ppm total available chlorine) 
plus 1.0-1.2 ppm permanganate for 
every part of soluble manganese in the 
raw water. Table 5 shows the amount 
of permanganate required to oxidize 
1.0 ppm manganese at various levels of 
prechlorination of one type of water 
at pH 8.0. 

TABLE 5 
Amounts of Permanganate Needed to Oxidize 

I ppm Manganese at Various Prechlorina- 

tion Levels* 


Chlorine Residual by 
KMnO, 


ppm 


Free Combined 


0.00 0.00 
0.00 0.50 
0.40 1.70 
4.0 0.90 

12.0 0.00 


*The_ prechlorination-permanganate combinations 
are set up on the basis of a fast reaction—that is, the 
chlorine contact time is approximately 10 min and the 
mixing time with permanganate is 10 min. 
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The breakpoint on the above water 
is usually in the range 5-10 ppm chlo- 
rine for a 1.5-hr contact period, and 
12-20 ppm chlorine for a 10-min con- 
tact. The only way to bring about a 
fast oxidation of manganese with chlo- 
rine alone at pH 8.0 is to add enough 
chlorine to burn up instantaneously the 
ammonia or other chlorine-consuming 
compound that is taking 
over the manganese in the order of 


reaction. 


Manganese Removal 


Table 6 shows the manganese con- 
tent of raw, settled, and filtered waters 
at the Wilkinsburg treatment plant for 
the period 1948-1958. Under the op- 
erating conditions stated previously, 
the permanganate feed rate has been 
set so that the manganese in filtered 
water will not exceed 0.10 ppm. The 
ratio of permanganate feed to the solu- 
ble manganese in the raw water is 


established periodically by means of 
jar tests. 


Filter Operation » 


One of the main advantages of the 
permanganate treatment for manganese 
removal is that the reaction is carried 
out in the pH range 7.2-8.3, depending 
on the manganese concentration in the 
raw water. There is no calcium car- 
bonate to deposit on the filter media; 
and as long as enough permanganate is 
added to oxidize all the soluble manga- 
nese before the water reaches the fil- 
ters, there will be no manganese de- 
posit on the filter media or supporting 
gravel bed. Even low concentrations 
of soluble manganese, in the order of 
0.10-0.15 ppm, resulting from under- 
treatment with permanganate for short 
periods, present no serious problem 
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with the filters, as far as deposition of 
manganese is concerned. A sand filter 
rebuilt in 1950 is stained brown and 
black all the way to the gravel. There 
is no significant change in effective size 
of the sand, which is still sharp. The 
gravel bed is clean. New filter sand in 
other filters, after 1 year of use, is 
only slightly stained. 

Under perfect conditions of opera- 
tion, there have been filter runs as 
long as 150 hr when a special filtering 
medium * was used. The average 


TABLE 6 
Manganese Removal Data for Wilkinsburg 
Treatment Plant, 1948-1958 


filter run with this filtering medium, 
having an effective size of 0.70-0.80 
mm, is approximately 72 hr; the aver- 
age filter run with sand having an ef- 
fective size of 0.55 mm is approxi- 
mately 48 hr. The governing factor of 
the run with the special medium is the 
penetration of fine, precipitated man- 


Average Amount of Manganese—ppm 


Settled 
Water 
1.03 0.37 
1.09 0.35 
0.95 0.25 
1.28 0.29 
1.22 0.28 
1.23 0.31 
0.28 
1.33 0.37 
6.98 0.28 
1.51 0.35 
1.00 0.29 


Filtered 
Water 


Raw Water 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 


1958 


0.07 
0.02 
0.03 
0.04 
0.04 
0.05 
0.06 
0.09 
0.05 
0.06 
0.05 


1.16 0.31 0.05 


* Anthrafilt, a product of Anthracite Fil- 
ter Corp., Wilkes-Barre, Pa. 
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ganese; the governing factor of the 
sand run is loss of head 


Summary > 


The permanganate method of man- 
ganese removal is based on the oxida- 
tion of Mn** to MnO, at pH 7.2 8.3. 
Chlorination before the permanga- 
nate treatment appreciably reduces the 
amount of permanganate required. 
The reaction is rapid enough to allow 
coagulation of the fine, precipitated 
manganese during the normal coagula- 
tion process. Polyelectrolytes have 
aided the coagulant alum in producing 
high-quality filtrable water. 
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Evaluation of Membrane Filter Technique for 
Appraising Ohio River Water Quality 


Harold W. Streeter and David A. Robertson Jr.— 


A report originally prepared for the Ohio River Valley Water Sani- 


tation Commission (Orsanco), by Harold W. Streeter, Staff Con- a) 


sultant, and David A. Robertson Jr., San. Engr.-Hydrologist, both of = 
According to Orsanco’s executive direc- 


Orsanco, Cincinnati, Ohio. 


tor and chief engineer, Edward J, Cleary, the findings of this study 
resulted in the adoption by Orsanco, in 1958, of the membrane filter 
technique as an optional alternative to the MPN procedure for bac- 


teriologic analysis of river water. 


utilize it. 
= 

HE membrane filter (MF) tech- 

nique for the bacteriologic exami- 
nation of water, formally introduced 
into the United States in 1947, has 
been used in Europe for many years. 
Both Germany and Russia relied on 
this method during World War II, 
when laboratory facilities for other 
methods were not available. Since 
1947, much study in the United States 
has been devoted to the membrane 
filter and its uses, particularly to its 
applicability for the enumeration of 
coliform bacteria in water. Studies 
have been made primarily to improve 
the MF test and to evaluate its adyan- 
tages and limitations. With regard to 
the latter, special interest has been 
shown in the comparisons between the 
MF technique and the standard dilu- 
tion test, the latter of which is ex- 
pressed in terms of the most probable 
number (MPN). 

Jecause the eight states—Illinois, 
Indiana, Ohio, Virginia, New York, 
Pennsylvania, West Virginia, and 
Kentucky—signatory to the Ohio 
River Valley Water Sanitation Com- 


Several of the Ohio River Compact 
signatory states have approved the use of the membrane filter tech- 
nique by water plant laboratories that have demonstrated the ability to 


= 

pact have for some years been spon- 
soring a river quality monitoring pro- 
gram, it seemed appropriate that they 
should become intimately informed on 
the applicability of the MF technique. 
Thus, the Ohio River Valley Water 
Sanitation Commission (Orsanco) staff 
was authorized in 1956 to undertake 
an evaluation. 

The study was carried out as a col- 
laborative project with the Orsanco 
Water Users Committee. Members of 
the committee include the managers of 
municipal water treatment plants on 
the Ohio River and some of its tribu- 
taries. They serve the commission pri- 


marily in the collection of data on - 


river quality; one of the routine tests 
is the measurement of coliform bacteria 
concentrations. Eight stations were 
selected initially for the study, in order 
to secure data under varying condi- 
tions. Two of the stations, however, 
had to withdraw before all the tests 
were completed. All persons, except 
one, who participated in the study had 
no previous experience with the MF 
technique. 
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To implement the investigation, the 
commission appropriated funds for the 
purchase of equipment and supplies. 
In addition, the commission defrayed 
the expenses of the participants who 
were assembled in Cincinnati for orien- 
tation at the Taft Sanitary Engineering 
Center of USPHS. Here the partici- 
pants had the opportunity, under the 
direction of Harry Kramer, chief of the 
training section, to observe procedures 
and discuss details with Paul Kabler 
and Harold Clark, both of whom are 
authorities on the conduct of the MF 
test. 

In November 1956, the eight labora- 
tories began making MF determina- 
tions along with the MPN test. Nor- 
mal procedure was to compare the two 
tests on samples of river water col- 
lected and examined on 5 days each 
week. The plant laboratories in which 
the tests were made are shown in 
Table 1. 

Krom time to time during the test 
period, which lasted for 20 months, 
briefing sessions were held among the 
participants. These sessions provided 
the opportunity to exchange experi- 
ences, a practice that proved helpful 
in improving the skill of each partici- 
pant. Participants in neighboring 
laboratories also visited each other oc- 
casionally to cross-check their results 
on the same samples. To guide the 
participants further in attaining uni- 
formity of methods and procedures, the 
group comm? sioned a subcommittee— 
consisting of ik. B. Adams, of Wilkins- 
burg, Pa., and Dan Enright, of Cin- 
cinnati—to draft a memorandum for 
carrying out the comparative tests 
(Appendix A). As another aid to fa- 
cilitate the interpretation of MF re- 
sults, Adams contributed a valuable 
paper on this subject, based on an an- 
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alysis of the results from previous MF 
work done at his laboratory and those 
reported in an article by Thomas and 
Woodward.’ The article deals specifi- 
cally with planning the MF tests to 
give the optimum range of countable 
coliform colonies on the filter pads, 
and discusses methods for selecting the 
filter counts to be used in arriving at 
the final result from an individual test. 
The staff recommendation, based on 
Adams’ analysis, is given in Appen- 
dix B. 

Those members of the Water Users 
Committee who undertook the study 


FABLE 1 


Location of Plant Laboratories Used in 
Orsanco Evaluation of MF Tests 


| Distance 
|} From 
Pitts- 
burgh 
mi 


River 


Plant Laboratory 


Wilkinsburg-Penn Joint | Allegheny 8.9 
Water Authority | 
South Pittsburgh Water Co. 
Weirton Water Plant Ohio 
Wheeling Water Plant Ohio 
Portsmouth Water Plant Ohio 
Cincinnati Water Plant Ohio 
Louisville Water Co. | Ohio 
Evansville Water Plant | Ohio 


Monongahela 4.5 
i 61.7 

86.8 
350.7 
462.8 
600.6 
791.5 


as a voluntary activity contributed 
laboratory facilities and personnel free 
of charge. With this generous co- 
operation, the commission found it pos- 
sible to complete the investigation at 
the nominal cost of $4,500. 


Experiences and Results 


The investigation may be divided 
into three periods: Nov. 1, 1956—Apr. 
30, 1957; May 1, 1957—Nov. 30, 1957; 
and Jan. 1, 1958—Jul. 31, 1958. The 
first period was one of adjustment, 
during which the several laboratories 
endeavored to bring their results into 
harmony by perfection of method. 


. 
’ 


Feb. 1960 MEMBRANE 
This period was marked by frequent 
discussions among the participants and 
by experimental work with different 
procedures. The second period was 
one of marked improvement in results, 
but some questions as to the best selec- 
tive culture medium for routine MF 
work remained unanswered. The third 
period was one of comparative trials 
of the one-step Hajna-Damon (HD) 
medium, which had been used up to 
that time, and a two-step HD medium 
involving preliminary enrichment; the 
objective was to determine which of 
the two media would give higher bac- 
teria counts. During June and July 
1958, a third medium, designated as 
the modified one-step MF Endo, was 
compared to the two-step HD medium, 
with results that appeared promising. 


Agreement of Data 


A summary of the comparative re- 


sults for the first and second periods 
of the study is shown in Table 2. 
When the combined data from all the 
laboratories for the first 6-month pe- 
riod are considered, the agreement be- 
tween MF and MPN counts was 64 
per cent when based on individual daily 
results; 61 per cent, based on monthly 
averages; and 70 per cent, based on 
monthly medians. During the next 
7-month period, the agreement in- 
creased to 81 per cent for daily results 
and monthly averages, and to 90 per 
cent for monthly medians. These re- 
sults reveal the striking improvement 
that took place between the two periods 
f testing. 

Results were “in agreement” if the 
MF count was not less than 0.3 nor 
more than 3.0 times the correspond- 
ing MPN count, a range that defines 
the variability (95 per cent confidence 
limits) of the MPN counting procedure 
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where five tubes are planted in each 
dilution. This is a wide range, but it 
takes into account the normal error 
involved in the MPN enumeration. 

Another test of agreement was a 
practical one: Were both the MF and 
MPN counts greater or less than 5,000 
per 100 ml? This value represents 
the Orsanco bacterial-quality objective 
for coliform density in raw waters 
taken from the Ohio River for treat- 
ment. Lack of agreement in this re- 
spect would mean that a raw water 
would meet or fail to meet this objec- 
tive according to whether reliance was 
placed on the monthly average MF 
count or on the standard MPN count. 
During the first 6-month period, the 
agreement in this respect (as shown 
in Table 2) was only 57 per cent; but 
during the next 7-month period, it in- 
creased to 95 per cent. 

Among the several laboratories, ex- 
cellent agreement for individual daily 
results was shown at Wilkinsburg, 
Weirton, Portsmouth, and Louisville 
(after a period of adjustment in 
method). Good agreement was found 
at Cincinnati, South Pittsburgh (in the 
latter period), and Evansville. At the 
Wheeling laboratory, where a range 
of 10-71 per cent was observed from 
month to month, the agreement was 
only fair. Thus, with one exception, 
the general agreement was good to 
excellent. The overall agreement from 
month to month for all the laboratories 
combined varied from 58 per cent to 
89 per cent for daily results, with a 
preponderance of percentages in the 
high 70’s and 80’s. 

These results compare very favora- 
bly with those observed elsewhere in 
similar comparative tests, and serve to 
demonstrate what can be accomplished 
by coordination of effort and attention 
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232 H. W. 
to detail. They also reveal that a pe- 
riod of adjustment and experience with 
the MF technique is necessary before 
consistently good results are obtainable. 
This is true of any method involving 
bacteriologic procedures. 

A noteworthy feature of the results 
was the better agreement shown be- 
tween the MF and MPN counts when 
expressed as monthly medians than 
when expressed as monthly averages. 
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observation that the median count tends 
to be closer to the logarithmic mean 
than to the arithmetic mean. The dif- 
ference was not serious in the example 
cited; it served only to impose a more 
severe test of agreement between the 
monthly average MF and MPN counts. 


Comparison of Different Media 
The third phase of the investigation, 


from January through July 1958, was 


TABLE 2 


Summary of Comparative MF and MPN Results 


Plant Laboratory Period 


Wilkinsburgt 
S. Pittsburgh 


Nov. 
Aug. 
Aug. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Nov. 
Apr. 


Nov. 
Jan. 
May 
Nov. 
May 
Nov. 
Nov. 
Nov. 
Jun. 
Jan. 
Jun. 
Nov. 


1956 
1957 
1957 
1956 
1957 
1956 
1956 
1956 
1957 
1957 
1957 
1956 


Weirton 
Wheelingt 
Portsmoutht 
Cincinnati 


Louisville 


Evansville 


Nov. 
Apr. 
Nov. 


Nov. 
Nov. 
May 


1956 
1956 
1957 


Weighted Avg 


* Not less than 0.3 nor more than 3.0 times the corresponding MPN 


1957 
1957 
1957 
1957 
1957 
1957 
1957 
1957 
1957 
1957 
1957 
1957 


1957 


1957 
1957 


Aa 


Percentage of MF Counts Within | 
Range of 0.3-3.0 of MPN’s* Months of 
Agreementt 
Monthly 
Average 


or 


Monthly 


| Individual | 
Median 
| 
| 


Results 


| 


83 100 
4 


100 


count. 


+ Months when both MF and MPN average counts were greater or less than 5,000 per 100 ml. 
t No material change in agreement after first 6 months of tests. 


For example, the overall agreement be- 
tween monthly medians was 80 per 
cent, as compared with 71 per cent for 
the monthly averages. It is difficult 
to explain this difference, but it may 
be that the coliform counts, like those 
of total bacteria, tend to follow a nor- 
mal logarithmic distribution, and the 
count reflection this 
It is a matter of general 


median iS a of 


tendency. 


concerned with comparative tests of 
three different media for confirming 
the presence of coliform organisms on 
the membrane filters. Throughout the 
period of November 1956-November 
1957, a one-step medium proposed and 
used by Hajna and Damon,’ desig- 
nated as HD,” had been 
used in the tests by all the participating 
The results obtained 


“one-step 


laboratories. 


| 
—|— 
100 
100 
54 
} 99 100 100 86 
48 18 54 | 54 
oe 100 100 100 100 
a 64 58 83 75 
39 | 50 83 83 
62 70 60 | 70 
ata 96 100 100 100 
| 
| -- 
64 | 61 70 57 
Q1 Q1 On 95 
— 
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with this medium showed a greatly im- 
proved agreement with those of the 
parallel tests by the MPN method after 
the first 6 months of the period, as indi- 
cated by Table 2. But because these 
results consistently had the tendency 
to be smaller in magnitude than the 
corresponding MPN’s, the Water 
Users Committee believed it desirable 
to find a medium that would cause the 
results to agree more closely. 

In response to this further interest 
expressed by. the participants, the com- 
mission authorized an extension of the 
study to a series of tests comparing the 
one-step HD medium with other media. 
For this purpose, use was made first 
of a two-step medium originally devel- 
oped at the Taft Center and described 
in Standard Methods.’ As it was also 
used by Hajna and Damon in their 
study, it has been designated as “two- 
step HD.” Methods followed were 
those in Appendix C, which were pre- 
pared by Adams and Shroyer. 

The comparative tests of these two 
selective media were continued for 5 
months, from January through May 
1958. A third medium, MF Endo,* 4 
appeared so promising that it was 
tested against the two-step HD me- 
dium for 2 months in June and July. 
This medium, which involves only a 
one-step procedure, will be designated 
as “one-step MF,” to distinguish it 
from the one-step HD medium. 

The results of this entire series of 
comparative tests are summarized in 
Table 3, in terms of monthly averages. 
For all the tests, the two-step medium 
averaged 20 per cent higher counts 


than the one-step HD medium. If 


* Developed by the Millipore Filter Corp., 
Watertown, Mass., and available through 
Baltimore Biological Laboratory, Baltimore, 
Md.; Difco Laboratories, Detroit, Mich.; 
ind Albimi Labs., Brooklyn, N.Y. 
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one abnormally high ratio based on 
very low counts is eliminated, the one- 
step MF medium averaged 16 per cent 
higher counts than the two-step HD 
medium. From this limited number 
of tests, the one-step MF medium 
showed higher counts than the two- 
step HD medium in ten out of twelve 
monthly averages; only one average 
count was actually lower. 

If the magnitude of coliform recov- 
ery had been taken as the criterion of 
satisfactory performance, the two-step 
HD medium would have shown a clear 
advantage over the one-step HD me- 
dium, and the one-step MF medium 
almost as much advantage over the 
two-step HD medium. The consensus 
among the participants favors the rou- 
tine use of the one-step MF medium 
on the basis of the comparative per- 
formance of the three tested media and 
the greater simplicity of the one-step 
procedure. 

According to an investigation § re- 
ported by Adams, the addition of etha- 
nol to the one-step MF medium in- 
creased the clear-cut sheen in the 
typical coliform colonies. Further ex- 
perience will undoubtedly result in the 
improvement of this medium and, pos- 
sibly, in the development of other con- 
firmatory media giving still better per- 
formance. The present series of com- 
parative tests has shown that acceptable 
results can be obtained by careful tech- 
nique and experience in conducting the 
MF test. 


Precision and Accuracy 


The high degree of reproducibility 


of the results from the MF tests is 

shown in Table 3 by the close correla- 

tion of corresponding average counts 

obtained from the tests with the three 

different media. Despite the average 

trend of the results, they had a tend- 
ae 
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Laboratory and 
Month —1958 


Wilkinsburg 
Jan. 
Keb. 
Mar. 
Apr. 
May 
Jun. 
Jul. 

Weirton 
Feb. 
Mar. 
Apr. 
May 
Jun. 
Jul. 

Wheeling 
Jan. 
Feb. 
Mar. 

May 
Jun. 
Jul. 

Portsmouth 
Jan. 
Feb. 

‘Mar. 
Apr. 

May 

Jun. 
Jul. 

Cincinnati 
Feb. 
Mar. 
Apr. 
May 
Jun 
Jul. 

Louisville 
Jan. 
Feb. 
Mar. 
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TABLE 3 


Comparative Results of MF Media Investigation 


Monthly Average Coliform Count per 100 ml 


Ratio of Counts 


Step 1-Step MF 
1-Step HD 2-Step HD 


2-Step HD 


1-Step HD 2-Step HD 1-Step MF 


1,600 


3,500 
960 
1,600 
950 


1,400 
2,000 
2,500 
1,900 


970 
470 
1,100 
2,000 
3,300 


3,700 
2,000 
4,300 
5,600 
6,600 


5,900 
7,800 
6,900 
13,000 


7,300 
13,000 


3,900 5,400 
5,400 
6,200 
7,500 
7,900 

21,000 


9,900 
39,000 


7,000 
4,200 
7,400 
6,500 
5,900 
3,800 
4,600 


4,100 
8,200 
6,200 
5,900 
4,100 
4,900 
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| 
1.00 
1,200 1.25 
1,900 1.19 
4,900 5,700 1.16 
8,500 7,800 0.92 
1,800 1.36 
2,300 
3,100 1.24 _ 
2,300 1.21 
1400 | 1,500 1.07 
580 700 1.21 
970 1.00 
420 1.00 > 
1,200 1.09 
ew 2,600 1.30 
3,400 1.03 
eck 620 700 1.13 
ae 58 250 4.31 
900 | 1.45 
1.23 
1.05 
1.18 
1.06 
1.00 
1.19 
1.36 
1.25 
1.86 
1.15 
1.02 
ke Jun. 1.08 
Jul. 1.03 
— 
Avg 1.20 1.16* 
* Abnormally high value of 4.31 omitted. = i 
= 
a ° 
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ncy to follow the same variation pat- 
tern, approaching close agreement in 
nost instances. This is in marked con- 
trast to the low degree of reproduci- 
lity of MPN results, which tend to 
follow a course of wide variation in 
check samples. This contrast is exem- 
ified by the fact that the normal vari- 
ability of the MF count has been shown 
to be about 20 per cent, whereas the 
5 per cent confidence limits for the 
5-5-5 MPN count fall in the range of 
30-300 per cent. 

In the present study, a marked pre- 
nonderance of tests showed higher 
MPN’s than MF counts in the same 
samples, by a ratio of about two to 
me. But the tests during the 13- 
nonth period were made with one-step 
HD medium, which gave lower counts 
than other media used in iater tests. 
If allowances were made for average 
performance by the two-step HD and 
me-step MF media, the counts re- 
corded on the one-step HD medium 
would be increased by nearly 40 per 
cent (1.20*1.16). If, in addition, the 
MPN results recorded were adjusted 
to take into account the “bias” cor- 
rection noted by Thomas and Wood- 
ward ' to 81 per cent of observed val- 
ues, the indicated preponderance of 
lower MF counts would undoubtedly 
be much less. 

The remaining differences in the 
direction of higher MPN counts might, 
indeed, be attributable to the greater 
selectiveness of the MF count for Esch. 
coli, as Rawn and Bowerman® have 
suggested, or to the greater incidence 
of false positives in the MPN results, 
as suggested by another investigator. 
Or they may be overshadowed by the 
conclusion of Thomas and Woodward ? 
that any observed deviations between 
MF and MPN results have little real 
significance in view of the low degree 
f reproducibility of MPN counts. 
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Past Investigations 


A detailed review of the technique 
of MF examination of water, as first 
introduced into this country by Alex- 
ander Goetz in 1947, and subsequently 


modified by Kabler, Clark, and asso-_ 


ciates at the Taft Center, is contained 
in a 1953 task group report. This 
report describes the apparatus required 
for the MF test, the media used for 
total bacteria counts, the modified 
EHC Endo * and a BGF media ¥ used 
for coliform counts, and the detailed 
methods of handling the samples. 

In a move to simplify the method 
of making the MF test, Hajna and 
Damon? proposed a single-step me- 
dium containing buffered sodium des- 
oxycholate lactose broth as a substi- 
tute for such two-step procedures as in 
the use of EHC medium with a 2-hr 
enrichment process. This single-step 
medium, known as HD, is now avail- 
able commercially, and has been used 
in the preliminary tests described in 
this article. Hajna and Damon gave 
the recommended formula of their pro- 
posed medium and full directions for 
its use. 

Geldreich and associates’ described 
a delayed incubation MF test for coli- 
form bacteria in water. The water 
sample was filtered at the collection 
site, and the membrane was placed on 
a medium that preserves viability of 
the organisms and prevents multiplica- 
tion during transit to the laboratory, 
where the viable bacteria can be culti- 
vated and enumerated by routine pro- 
cedures. To preserve the sample, so- 
dium benzoate was added to EHC 
Endo medium. Detailed data were 

* Proposed by USPHS Environmental 
Health Center. 

+ Containing ethyl alcohol (3 per cent) and 
brilliant green (0.00025 g/ml), in addition 
to the ingredients in the regular Endo 
nutrient. 
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presented showing the results of de- 
layed MF counts compared to MPN’s 
initially and on stored samples. Re- 
sults showed that delayed MF incuba- 
tion counts agreed well with MPN’s 
on samples stored at 5°C, but tended 
to be less than initial MPN’s. The 
delayed MF procedure is recommended 
for field use where shipment of refrig- 
erated samples cannot be made, or 
during periods of emergency. Direc- 


tions for the test were given in an 
appendix. 
In 1956, Eye and associates * studied 
the effects of four different media and 
varying temperatures and humidities 


on results obtained in coliform enu- 
meration by the MF procedure. At 
32°C, consistently higher counts were 
produced on all four media than at 
35°C. The highest average counts 
were given by the two-step Endo me- 
dium recommended in Standard Meth- 
ods*; the next highest by the HD 
modified Endo medium. The best 
sheen was shown by the dehydrated 
scheduled nutrient (DSN) Endo, 
though the one- and two-step Endo 
produced a good sheen; the poorest 
was observed on the HD broth. The 
inhibitory effect of the DSN was ex- 
cellent; the one-step Endo gave fair to 
good inhibition of noncoliform organ- 
isms. Results showed that coliform 
organisms may be grown on MF mem- 
branes at humidities greater than 35 
per cent. The desired level of hu- 
-midity may be obtained by subjecting 
a given surface area of water to evapo- 
ration with convection air circulation 
within a sealed incubator. 

Clark and associates,® after having 
noted the acceptance of the MF method 
as part of the current federal drinking 
water standards, and after having de- 
scribed the provisions made in the 


standards for interpretation of the re- 
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sults, pointed out several common 
sources of error in technique : excessive 
number of per membrane; 
elimination of enrichment period; low 
humidity during incubation; contami- 
nation of absorbent pads; flooding of 
membrane with culture medium; and 
air bubbles between membrane and ab- 
sorbent pad. They stated that ideal 
membranes should have less than 60 
sheen-producing colonies and not more 
than a 250-300 total colony count. 
But they added that good estimates can 
be made with 100 coliform colonies, 
when the noncoliform density is low. 
The authors then suggested ways to 
eliminate errors of technique. They 
noted that the presence of at least 1 
ppm of zine or copper, or both, in the 
water will inhibit the growth of coli- 
the membrane 


col mies 


form organisms on 
filter pads. 

Several notable studies have been 
made on the advantages and limitations 
of the MF method of enumerating coli- 
form organisms in water. The motive 
behind the development of the MF 
procedure has been the search for some 
process whereby the statistical difficul- 
ties and indirectness inherent in the 
standard dilution test could be elimi- 
nated, and a direct counting method 
involving no_ statistical complexities 
made available. This search began 
about 30 years ago, when direct plat- 
ing methods on selective media were 
proposed. Such media as the Ayers- 
Rupp and, later, the Noble-Tonney 
were used. In one of a series of reports 
dealing with experimental studies of 
water treatment at the origina! Stream 
Investigation Station of USPHS in 
Cincinnati, the results of a comparative 
study of the Ayers-Rupp medium and 
the standard MPN method showed a 
high degree of agreement between the 


two. The main obstacle in establishing 
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direct counting methods for the coli- 
form group has been in the definition 
of this group as _lactose-fermenting, 
nonspore-forming, Gram-negative ba- 
cillus. Because “lactose-fermenting” 
was specified in this definition, the use 
of liquid media was virtually required, 
until Endo’s solid medium became ac- 
cepted as a confirmatory medium. 

In a review prepared for the Na- 
tional Research Council and approved 
by the Division of Medical Sciences, 
Thomas and Woodward! made a de- 
tailed statistical analysis of the data 
from three studies. Defining the mean 
recovery factor as the ratio of mean 
MF to mean MPN, they showed that 
this factor for the overall data from 
the three studies was in the range 
0.52-1.00, and nearly all the sampling 
stations had recovery factors in the 
range 0.3—3.00, which corresponds ap- 
proximately to the theoretical range 
into which 95 per cent of replicate 
5-5-5-tube MPN’s may be expected to 
fall. Noting that the MPN count from 
the 5-5-5-tube test tends to be 23 per 
cent too high, they showed that if the 
MPN’s observed in the tests were cor- 
rected for this “bias,” a recovery factor 
of approximately 1.0 was obtained. In 
their summary, they stated that the 
disparity in coliform sensitivities of 
the MF and MPN in a wide variety 
of natural waters does not have much 
practical significance in view of the 
inherently low degree of reproduci- 
bility of the standard dilution test and 
the bias of MPN estimates. They fur- 
ther conclude that the precision at- 
tained with a single membrane filter 
was found to be two to five times 
greater than that of a 5-5-5-tube 
MPN. The reproducibility of the MF 
test was found to vary inversely with 
the square root of the number of colo- 


nies counted. 
os 
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The same authors, with Kabler, dis- 
cussed the use of membrane filters for 
water potability control.’ After re- 
viewing the points brought out in their 
previous article, they described a pro- 
posed coliform standard for drinking 
water based on the MF count, and 
summarized their findings by stating 
that the MF method has decisive advan- 
tages over the standard fermentation- 
tube method. They concluded that the 
adoption of the MF method as an alter- 
native procedure for the measurement 
of coliform density would be a signal 
advance in sanitary engineering practice. 

As a result of several years of ex- 
perience with the membrane filter, 
Rawn and Bowerman ® stated that as 
much as four times the hours spent for 
processing, and about three or four 
times the equipment, are required in 
the laboratory for the standard dilu- 
tion test as are required for the same 
number of MF tests. Field inoculation 
of lactose tubes has long been prac- 
ticed by these workers, but the mem- 
brane filter technique has proved much 
simpler and has involved practically 
no loss of samples. 

Rawn and Bowerman also stated that 
the most controversial aspect of the 
membrane filter concerns the bacteri- 
ologic significance of the MF results 
as compared with the lactose fermenta- 
tion test. Parallel testing, since early 
1952, has revealed some numerical 


similarities, but also some perplexing 


anomalies. The question is posed as 
to whether the same organisms are 
counted in both tests. It is noted, how- 
ever, that there is strong evidence that 
the membrane filter is selective for 
Esch. coli in mixtures of sewage and 
sea water. This is asserted to be a 
point in favor of the membrane filter. 
It is concluded that the simplicity, ease, 
convenience, precision, and speed with 
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which the MF test is completed, and 
the meaningful bacteriologic levels ob- 
tained, have been clearly demonstrated 
in the field and laboratory for about 
4 years of routine testing by the Los 
Angeles County Sanitation Districts. 
In a further appraisal of membrane 
filters, Eliassen *° summed up the pres- 
ent status of this method of enumerat- 
ing coliform organisms in water. He 
first noted that plate counts, decimal 
dilutions for the Phelps index, and, 
finally, the MPN technique “are in 
reality crude statistical approaches to 
the real number of organisms in a 
sample of water.” Now, for the first 
time, he stated, sanitary science has a 
simple, accurate, and precise method 
of potable-water analysis in the MF 
technique. After analyzing the statis- 
tical shortcomings of the standard dilu- 
tion test, Eliassen pointed out the ad- 
vantages of the MF procedure, empha- 
sizing that with this method, precision 
has been achieved far beyond that con- 
ceivable by any other practical method 
of coliform analysis. 
Reported disadvantages of the MF 
method cited by Eliassen are: Turbid- 
ity, when present, may preclude the use 
of large samples ; correlation with aver- 
age MPN values may show lower num- 
bers with MF counts; and toxic sub- 
_ stances may influence the results. It is 
ee ‘n’s opinion that the advantages 
of the MF method far outweigh the 
He does not suggest 
dropping the fermentation-tube tech- 


7 _ nique, as it will continue to be used by 


many analysts. But he does advocate 
adopting the MF method as another 
control method Standard Methods. 


Findings, Recommendations, and 
Action 
The results of the comparative evalu- 
ation of the MF and MPN methods 
may be divided into the following : 
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Findings 


1. The favorable agreement be- 
tween MF and MPN determinations 
at most of the participating Orsanco 
laboratories has revealed the adapta- 
bility of the MF procedure for the bac- 
teriologic examination of Ohio River 
water. 

The precision of the MF count is 


greater than that obtained from the 


MPN procedure, and the MF count 
appears to offer a nwre accurate and 


sensitive means of enumerating the 
— of coliform organisms. 

The MF technique provides re- 
sida more quickly than the MPN pro- 
cedure. Results are obtained in 18 hr 
with the MF technique, compared 
with 48 hr or more for the MPN 
method. 

4. Overall operating costs, including 
labor and materials, for conducting the 
MF test range from about the same to 
one-third less than those for the MPN 
determination, and less incubator space 
is required. 

5. The average agreement between 
the MF and MPN results at five plant 
laboratories of the six that completed 
the study ranged from 59 to 100 per 
cent during the second period of the 
tests, as measured by. the individual 
results, and was 81 per cent for the six 
laboratories combined. Three of them 
reported an average agreement of 
96-100 per cent for the same period. 

6. Practice is needed to acquire the 
necessary skill for performing the MF 
For example, the average agree- 
ment between MF and MPN daily 
results for all the laboratories com- 
bined increased from 64 per cent for 
the first 6 months of comparative tests 
to 81 per cent during the next 7 
months. 

A troublesome source of error in 
the early MF tests was in the identifi- 
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cation of typical coliform colonies on 
the membrane. When the operator be- 
came more familiar with the identifica- 
tion of colonies and with the use of 
media permitting a sharper differenti- 
ation of typical colonies, the results 
greatly improved. Other factors that 
have not been fully evaluated in the 
present study, but which may lead to 
sources of error, are: effects of turbid- 
ity and algae, chemical characteristics 
of the water samples, and location of 
the sampling points with respect to 
sources of bacterial pollution. 

8. From an operational viewpoint, 
the managers of the participating labo- 
ratories are unanimous in preferring 
the MF technique over the MPN test. 

9. The most promising selective cul- 
ture medium for coliform organisms, 
with respect to magnitude of recovery, 
appears to be the medium designated 
in this article as “one-step MF Endo.” 


Recommendations 


The following recommendations were 
made: 

1. The commission and the states 
signatory to the Ohio River Valley 
Water Sanitation Compact should ap- 
prove the use of the MF procedure as 
an acceptable optional procedure to the 
standard MPN method for appraising 
the bacterial quality of Ohio River 
water. 

2. Such approval should be condi- 
tioned on satisfactory comparative 
tests of the MF method in parallel with 
the standard MPN procedure, for a 
period of not less than 3 months. The 
method of measuring agreement shall 
be as followed in this article. 

3. The approved method of conduct- 
ing and interpreting the MF test 
should be as developed by the study 
group of the Orsanco Water Users 
Committee and as described in Appen- 
dixes A, B, and C of this report, with 
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such modifications as may be adopted 
from time to time and duly approved 
by the signatory states. 


Action 


On Jan. 15, 1958, following the en- 
dorsement of the engineering commit- 
tee, it was resolved that: 


The Commission adopt for its use, and 
recommend to the signatory states for 
their adoption, the membrane filter tech- 
nique as an acceptable optional procedure 
to the most-probable-number (MPN) 
method for appraising bacterial quality 
of raw Ohio River water. 


Summary and Conclusions 


Under commission authorization and 
staff direction, members of the Orsanco 
Water Users Committee, during the pe- 
riod November 1956—November 1957, 
carried out a comparative study of the 
membrane filter and standard dilution 
methods of enumerating coliform or- 
ganisms in raw waters taken from the 
Ohio River and two tributary rivers. 
Fight laboratories participated in the 
study, though the number was limited 
to six after the first 6 months. Before 
undertaking the study, the participants 
were given a brief indoctrination in 
MF technique at the Taft Center in 
Cincinnati. 

Following completion of the 13- 
month period of comparative tests, the 
same group conducted a study of three 
different confirmatory MF media, in 
order to ascertain whether any im- 
provement was obtainable over the one- 
step HD medium that had been used 
throughout the 13-month period of 
comparative tests. The first trial was 
the two-step HD medium against the 
one-step HD medium that had been pre- 
viously used. This test continued for 
5 months, from January through May 
1958. An overall summary of the re- 
sults revealed that the two-step HD 
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medium yielded an average of 20 per 
cent higher coliform counts than the 
one-step HD medium. 

Meanwhile, interest had been aroused 
in a one-step medium proposed by 
Fifield and Schaufus.t Although only 
a limited time was available to test this 
medium, comparative tests against the 
two-step HD medium, during June 
and July 1958, showed an average of 
16 per cent higher counts than the 
two-step medium—an encouraging re- 
sult. It thus was indicated that sub- 
stantially higher counts, amounting to 
nearly 40 per cent, were obtainable 
with the one-step MF medium as com- 
pared to the one-step HD medium. 

The conclusions drawn from this 
study, made by six laboratories over a 
period of about 20 months, were that 
the use of the membrane filter is an 
acceptable alternative method of enu- 
merating coliform organisms in water, 
as compared to the standard dilution 
method, and is preferable because of 
its precision, speed, economy of space, 
and its freedom from statistical 
complications. 

It was indicated, however, that in 
order to obtain good results, the MF 
test must be made with careful atten- 
tion to detail and with adequate train- 
ing of the operating personnel. In this 
study, as long as 6 months was re- 
quired before a general improvement 
in results was demonstrated. This 
period may be somewhat longer than 
that needed subsequently at other labo- 
ratories, as this was a pioneer effort by 
a group of laboratories, and time was 
required to adjust differences in proce- 
dure that affected the comparability of 
results. After these basic problems 
were worked out, there was much 
greater conformity. Nevertheless, prac- 
tice periods as long as 3 months are 
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needed to familiarize personnel with 
the procedures that will secure con- 
sistently good results with the MF 
method. 

Finally, there are the questions of 
what section of the coliform group is 
measured by the MF test, and the ex- 
tent to which the test is affected by 
excessive amounts of turbidity or algae. 
Regarding the first question, the con- 
sensus among qualified workers is that 
the MF test, when properly conducted, 
measures the section of the coliform 
group of greatest sanitary significance. 
Regarding the second question, which 
affects the mechanics of the test, only 
further experience under a wide vari- 
ety of conditions can reveal the signifi- 
cance of the test under conditions found 
in the Ohio River valley. It appears, 
however, from experience gained dur- 
ing the 20-month period of the present 
study, that turbidity or algae should 
offer a source of difficulty for only 
limited and occasional periods of time. 
During periods of excessive turbidity 
or algae growth in the river, the dilu- 
tion method can be used as an interim 
measure. 
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APPENDIX A 


Procedure for Comparative Study of MPN and MF 
Methods for Determination of Coliform Index 


MPN Method * ; Amount of 
Original 
Sample 

\. Presumptive test with lactose broth mi Method of Sowing 

or lauryl sulfate tryptose broth: 0.1 1 ml from A (1:10) dilution 

; : 0.01 1 ml from A (1:100) dilution 

1. Sow five tubes on each of three 0.001 1 ml from A (121,000) dilution 

lilutions. 0.0001 1 ml from A (1:10,000) dilution 


2. Use sterile buffered dilution water . 
rhe following dilution guide accom- 
or making dilutions. 


modates the above range: 
3. Volumes of sample less than 1.0 6 * ot 


nl should not be pipeted directly to the G ee 


Buffered 
ermentation tube. Make a dilution — Dilution Dilution 


Desired Original Sample Water 
such that 1.0 ml will contain the de- 
« > 1:100 ml added to... .99 ml 
sired amc unt of original sample. For 1:1,000 ml of 1:100 dilution added tto.... 9ml 
‘xample 1: 10,000 ml of 1:100 dilution added to. ...99 ml 


* Follow the procedure described in the 


B. Confirmed tests with 2 per cent bril ‘ 
tenth edition of Standard Methods. liant green bile. 
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srilliant green bile tubes negative 
in 24 hr but positive in 48 hr to be 
confirmed by streaking EMB plates. 


MF Method 
A. Preparatory remarks : ’ 

1. The MF and MPN determina- 
tions should be made on the same sam- 
ple or the same dilution. Do one and 
then the other. 

2. Run at least two different vol- 
umes or dilutions on each sample. 
Volume selections should be such that 
not more than 60 coliform colonies are 
on the membrane. With an ideal vol- 
ume selection, both plates be 
counted, so that one is a check against 
the other. This is difficult to achieve 
practically when the coliform index 
fluctuates from day to day. 

3. The recommended incubation pe- 
riod is 18 hr +2 hr at 35°C. If oper- 
ating conditions do not allow immedi- 
ate counting at the end of the incuba- 
tion period, place the plastic dishes in 
the refrigerator and count them within 
4 hr. Do not attempt to compensate 
for the time factor by filtering and 
then allowing membranes to stand at 
room temperature before incubation. 

4. Sterile dilution water for rinsing 
the funnel and sterile dilution blanks 
for use in making dilutions are pre- 
pared from the same formula. This 
is called “buffered dilution water” in 
the tenth edition of Standard Methods, 
and directions for preparing it are 
found on p. 367, Item 4. 

5. Sterilize filter unit wrapped in 
special paper * at 121°C for 15 min in 
the autoclave. 

6. Sterilize the packaged membranes 
and pads at 121°C for 10 min in the 


. *Kraft paper, a product of Albemarle 
Paper Mfg. Co., Richmond, Va. 


& D. 
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autoclave. Release the steam rapidly, 
and immediately remove the packaged 
units. Dry at room temperature. 

7. The disposable plastic petri dishes 
are closed at high temperature in the 
process of manufacture. They may 
be assumed to be sterile as received 
for this study. 


3. Equipment and materials. The fol- 
lowing is based on the requirements 


TABLE 4 


Volume Recommendations — 


|Add 1 ml| Add 1 ml | 
Original | Original | . 
Sample Sample | Sample | hoon 
Desired | t2.2 ml | to 99 ml aad 
al Dilution | Dilution 
Blank | Blank 


Size of 
Original 
| Condition 


>10 no no 
0.5-10 no no 
0.4 | no yes 
0.3 no yes 


0.2 no yes 
0.1 | yes* | no 
0.05 no yes 
0.01 no yes 


| 
* This method of dilution is suggested in order that 


one dilution can be used for both MPN and MF 
methods. 


for one sample in two different 
volumes : 


1. One-liter filter flask connected to 
source of vacuum 

2. Sterile filter funnel 

3. Two sterile plastic dishes 

4. Two sterile membranes 

5. Two sterile absorbent pads 

6. Forceps immersed in alcohol (95 
per cent ethyl or pure methyl) 

7. Sterile pipets (1-ml, 2-ml, and 
10-ml) as needed, and sterile graduates 
when volume of single filtration ex- 
ceeds 20 ml 

8. Sterile dilution water for rinsing, 
and sterile dilution blanks (99-ml and 


9-ml) 


‘ 
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9, M-HD medium 

10. Plastic incubator container and 
over, with moistened paper towel in 
yottom. 


Procedure: 


1. Flame forceps quickly for alcohol 
‘vaporation, not for sterilization. 

2. With sterile forceps, place one 
sterile absorbent pad in each plastic 
lish. Replace forceps in alcohol. 

3. Pipet enough M-HD medium to 
aturate each pad. Amount will vary 
1.8-2.2 ml per pad. Tilt dish slightly 
ind remove any with sterile 
ipet. 

4. Flame forceps. 

5. Transfer sterile membrane from 
vackage to filter receptacle (grid side 
1p) with sterile forceps. Replace for- 
‘eps in alcohol. 

6. Measure water sample in funnel 
vith no vacuum on filter flask. 

7. Volume recommendation for good 
listribution (Table 4). Condition X: 
our about 1 in. of sterile dilution 
vater into funnel before adding sample. 
Condition Y: Sample direct to funnel. 

&. Turn on vacuum and filter sample. 

9. With vacuum still on, rinse sides 
4 funnel twice, using at least 20 ml of 
sterile dilution water each time. 

10. Turn vacuum off. Remove fun- 
1el top and place on sterile paper (used 
n funnel sterilization) or on ring 
stand. 

11. Flame forceps (as in No. 1), 
‘emove membrane from receptacle, and 


excess 


place membrane on M-HD impreg- 
nated absorbent pad. Avoid air bubble 
entrapment. 

12. Place plastic dishes inverted on 
rack in plastic container. Secure cover 
and incubate at 35°C for 18 hr +2 hr. | 

13. Count sheen colonies as coliform 
bacteria. 


coliform bacteria. This medium must 
be made up daily, because it cannot be | 
made in quantities for storage. 


M-HD Endo Broth 
Dehydrated 


& 


0 


57 
425 
85 


1 
2 


Weigh out the powdered medium 
and suspend in cold sterile distilled 
water contained in a sterilized 100-ml — 
beaker. Do not use buffered dilution — 
water. Mix with a sterile glass rod_ 
until the powdered material is thor- 
oughly wet. Record the weight of 
media plus water. Heat to boiling with — 
constant stirring. 
than 5 sec. : 
up loss in weight by adding more | 
sterile distilled water. Do not auto- 
clave. Cover with a sterile aluminum 


rreparation of Endo broth: 
M-HD Endo broth is used in 
edium to be suspended in various 
lantities of cold distilled water is: 
mi 
+ 
p until ready for use. 
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Procedure for Interpreting MF Test Results 


A review of the first sets of results 
received from the laboratories partici- 
pating in the current comparative test 
of MPN versus MF for raw waters has 
raised some questions as to the meth- 
ods followed in the MF tests and 
the interpretation of the results. More 
specifically, these questions deal with 
the best way to plan the tests so as to 
give the optimum range of countable 
colonies on the filter pads, and with 
the methods whereby the proper counts 
should be selected for the final result 
from an individual test. 

The optimum colony-counting range 
for the filter pads is about 20-80 colo- 
nies per pad. This range need not be 
too rigid—that is, a little variation is 
permissible when no count within the 
range is available. But the sample vol- 
umes filtered should be planned with a 
view to bringing the colony count as 
nearly as possible within this range. 

Depending on the size of the counts 
from day to day, a sample volume may 
be selected to bring the colony count 
to about the middle of the range, about 
50 colonies. Then, depending on the 
trend of the counts, a second volume 
is selected as about half or double the 
first volume selected. For example, if 
1.0 ml is selected as the first volume, 
then 0.5 ml or 2.0 ml is the second 
volume, depending on whether the 
trend of the counts at the time was 
upward or downward. In some cases 
of doubt, both these volumes could be 
used as a second and third choice, 
though this should seldom be necessary. 

With regard to the method of cal- 


culating the MF index for MF counts 


falling within the range of 20-80 colo- 
nies per plate, an expected variation of 

20 per cent can safely be assumed. 
This method, outlined below, should 
be followed in order that all results 
may be mutually comparable. 


Rule 1 


When conditions are ideal and the 
MF counts from two dilutions both fall 
within the range of 20-80 colonies, 
multiply the smaller result by the ap- 
propriate volume factor to have the 
results on an equivalent basis. Aver- 
age the two results and convert the 
average figure to coliform index per 
100 ml. For example: 


= MF Count 


22 


Volume of Original 
Used 


10 49 


Then, 222 equals 44; the average of 
44 and 49 is 47 (to the nearest whole 
number); and the coliform index per 


100 ml is 4710, or 470. 


Rule 2 


count from one dilu- 
20-80 range, and 
a second dilution 


When the MF 
tion falls within the 
the MF count from 
falls outside the 20-80 range, the for- 
mer should carry the most weight. 
Multiply the MF count outside the 
20-80 range by the appropriate vol- 
ume factor to have the results on an 
equivalent basis. If the latter figure 
is within +20 per cent of the MF count 
within the 20-80 range, average the 
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two figures, as in Rule 1. If the latter 
figure is not within +20 per cent of the 
MF count within the 20-80 range, use 
only the MF count within the 20-80 
range for calculation to coliform index 


per 100 ml. 


Example A: 


Volume of Original 
Sample Used 
ml MF Count 


1 12 
4 7: 

Here, 75 is the key value; 20 per cent 
variation is 60-90 (75+15); 124 is 
48. This last figure does not fall within 
the 20 per cent range above; discard 
result. Calculate the MF count of 75 
to get the index: 7525 becomes 1,875 
per 100 ml. Express only two signifi- 
cant figures; 1,875 becomes 1,900. 

Example B: 


Volume of Original 
Sample Used 
ml MF Count 


1 
4 


Again, 75 is the key result ; 20 ssn cote 
variation is 60-90 (75+15); 154 is 
60. This last figure falls within the 20 
per cent range above. Therefore, the 
average of 60 and 75 is 68 (nearest 
whole number). The coliform index 
per 100 ml is 68X25, or 1,700. 
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Example C: 
Volume of Original 
Sample Used 
ml MF Count 


1 30 
4 88 


Here, 30 is the key result ; 20 per cent 
variation is 24-36 (30+6); 88+4 is 
22. The last figure does not fall 
within the 20 per cent range above; 
discard result. Calculate the MF count 
of 30 to get the index: 30100 is 
3,000 per 100 ml. 


Rule 3 


When the MF counts from two dilu- 
tions both fall outside the range 20-80, 
the result nearest the 20-80 range 
should carry the most weight. Treat 
this figure as if it were in the 20-80 
range, and apply Rule 2. 

It will be seen from this method that 
the criterion for including or excluding 
a given count from an average is 
whether it falls within the optimum 
range (Rule 1) or within the +20 per 
cent expected range of random vari- 
ation of the “key result,” which is 
within the optimum range of 20-80 
colonies (Rule 2). In Rule 3, when 
both counts fall outside the optimum 
range, the one nearest this range would 
be selected as the final result. Thus, 
the three rules cover every instance 
that may arise. 


Procedure for Comparative Study of MF Media 


A. Two-step procedure using M-HD 

Endo medium with enrichment: 

1. Lay out a series of three petri 
dishes. 

2. Remove tops and place a sterile 
pad in each dish bottom. 


3. Add 2 ml of M-enrichment broth 
to each pad. 

4. Filter three different dilutions of 
the sample through respective mem- 
branes, and transfer the membranes, 
with sterile forceps, to the pads satu- 
rated with M-enrichment broth. 
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5. Invert the petri dishes and incu- 
bate them in the plastic container at 
35°C for 2-3 hr. 

6. Remove dishes from incubator. 
Remove tops and place in an inverted 
position. Using sterile forceps, lift 
“ach membrane and its absorbent pad 
to the inverted tops of the petri dishes. 

7. Pour any excess M-enrichment 
broth from the bottom half of the 
dishes. 

8. Place a new sterile absorbent pad 
in the bottom of each dish. 

9, Saturate the pads with 2 ml of 
M-HD Endo broth. 

10. Using sterile forceps, transfer 
the membranes to the new absorbent 
pads containing M-HD Endo broth. 
Discard the absorbent pads containing 
M-enrichment broth. 

11. Incubate for 16-18 hr at 35°C 
in the plastic container. 


B. One-step procedure using M-HD 
or MF Endo media: 


1. Sow the same three dilutions for 
each of the above media as was used 
for the enrichment method. 
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2. Proceed as outlined in Appen- 
dix A.* 


C. Preparation of media: 


1. M-HD Endo broth. 
outlined in Appendix A. 
2. M-enrichment broth. 
a. Dissolve 5.4 g of the dehydrated 
medium in 100 ml of distilled water. 

b. Sterilize in the autoclave for 
15 min at 15 psi. 

c. This medium may be kept for 
relatively long periods, provided exces- 
sive evaporation does not take place. 

3. MF Endo broth. 

a. Dissolve 4.8 g of the dehydrated 
medium in 100 ml of distilled water 
containing 1.0 ml of ethanol. 

b. Heat to boiling. 

c. Do not prolong boiling or heat- 
ing in autoclave. 


Prepare as 


*It is suggested that the membranes for 
the comparative methods be prepared at 
the same time, in order that the same dilu- 
tions may be used for each method. Enrich- 
ment will create a lag period for the two- 
step procedure. Therefore, the final incu- 
bation period for this procedure will be 
completed 2-3 hr after the end of the incu- 
bation period for the one-step procedure. 
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Continuous-Flow Water Pasteurizer for 
7 Small Supplies 


Melvin Goldstein, L. J. McCabe Jr., and 


Richard L. Woodward 


A contribution to the Journal by Melvin Goldstein, Asst. San. Engr.; 
L. J. McCabe Jr., San. Engr.; and Richard L. Woodward, Chief, 
Eng. Section; all of the Water Supply & Pollution Research Branch, 
Robert A. Taft San. Eng. Center, USPHS, Cincinnati, Ohio. 


N general, uncontaminated ground 

water from properly constructed 
wells is the most economical source of 
safe drinking water for the individual 
rural home. In many areas, however, 
ground water of suitable quality and 
quantity is not obtainable, and cisterns 
or farm ponds are used as supply 
sources. There is a need for inexpen- 
sive treatment units requiring little 
operation and maintenance for these 
water users. 


Disadvantages of Chlorination — 


Disinfection is necessary where sur- 
face water is used. Ground water of 
dubious bacterial quality, such as is 
often found in cavernous limestone 
wells, also needs disinfection. Al- 
though chlorination is the most com- 
mon water disinfection process, it pre- 
sents the problem of feeding a meas- 
ured dosage. The need for continual 
servicing and inspection and the cost 
of good feeding devices are the prin- 
cipal disadvantages of the process. Be- 
cause high chlorine residuals make the 
water unpalatable, there may be temp- 
tation to maintain the residual at a low 
level with only a small safety margin, 
thus taking a risk when the contact 
time following dosage is short or when 
chlorine demand varies. Experience 


has shown that only a small percentage 
of such chlorinators have been operated 
continuously and with sufficiently fre- 
quent measurement of chlorine residu- 
als to assure adequate disinfection. 

Most householders lack the time, 
ability, or inclination to service a 
mechanism of any degree of complex- 
ity. A simpler disinfection method, 
which can be easily checked or con- 
trolled, is needed. 


Pasteurization 


The success in killing pathogens in 
milk by pasteurization suggested the 
use of heat as a means of eliminating 
the problems of chemical feeding in a 
small water treatment device. The 
application of heat is the oldest and 
best understood of disinfection proc- 
esses. Variations in chemical impuri- 
ties in water do not interfere with the 
disinfection efficiency of heat as they 
do with chlorine and many other 
chemical disinfectants. Equipment for 
automatic control of heat processes is 
available, relatively inexpensive, and 
reliable. In addition to bacterial 
pathogens, heat readily destroys such 
other organisins as amebic cysts, 
worms, and viruses, which are more 
resistant to chemical disinfectants than 
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The current temperature and time 
recommendations for milk pasteuriza- 
tion are 161°F for 15 sec or 145°F for 
30 min. The high-temperature, short- 
time process was chosen for study to 
eliminate the problem of storage. 

For pasteurization to be economi- 
cally feasible, it is necessary to use the 
heat of the treated water to warm the 
water to be treated. It is also neces- 
sary to operate the unit at a nearly 
steady flow rate to reduce heat losses 
due to frequent starting and stopping 
of flow. Thus a storage reservoir from 
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per 12 hr). A larger unit (1,000 g 


per 12 hr) was also designed. 
Pilot Plant Investigations 


A 250-gal per 12-hr unit was bui 
and operated to test the performance « 
the various components and the overa 
efficiency and economy of the proces 

Figure 1 is a schematic diagrai 
of the water pasteurizer. Untreate 
water enters the heat exchanger, whe: 
its temperature is raised to abot 
151°F by exchange of heat from tl 
treated water flowing counter-curret 


Auxiliary Line for Initial Priming 


To Storage Tank 


Solenoid Valve and 


i-in. Copper Lines 
Air Relief Valve 
30-ft Retention Tube 
-in. Copper 


, Heat Exchanger 
Auxiliary Valve 
Bypass Pump 


From Water 
Source 


Thermometer 


Thermostat Switch \ 


Heater 


Needle Valve 


Flow Above 
160° F 


+ 


inished-Water 
torage Pump 


yFiow Below 
160° F 


To Househ 
Outlets 


Storage Tank 


;-in. Gate Valve 


he Fig. 1. 


Flow Diagram of Continuous-Flow Water Pasteurizer 


Approximate prices of the major components of the unit are given in Table 1. 


which treated water is pumped or 
flows upon demand is required. 

A study was made of the total cost 
of pasteurization for various electric- 
power rates, daily water usages, and 
heat exchangers, based on list price of 
equipment. Because assembly is a 
comparatively simple job, the cost was 
not included. Results of the study 
were promising and a unit was de- 
signed for treating enough water to 


meet the daily needs of a family of five 


based on a usage of 50 gpcd 


(250 gal 


= 


ween 


to the incoming water. The bypa 
pump pumps the water from the he 
exchanger through an electric heate 
which raises the water temperatu 
to the pasteurization temperature 
161°F. A 30-ft, 4-in. copper retentic 
tube assures at least a 15-sec holdir 
time at that temperature. An air reli 
valve permits escape of gases liberate 
at the higher temperature. 

A solenoid valve and thermostat 
switch are so arranged that if the watt 
temperature falls below 161°F after tl 
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passes through the retention 
the water is returned to the suc- 
tion side of the bypass pump and re- 
cycled through the heater. When the 
water at the thermostatic switch is 
161°F or higher, the water flows to 
the heat exchanger, where it gives up 
its heat to the incoming water and is 
cooled to within about 10°F of the 
temperature of the incoming water be- 
fore it enters the storage tank. A 
pressure pump is also used to provide 
water to the household plumbing sys- 
tem unless the storage tank is at an 
elevation sufficient to supply water by 
gravity flow. 

The auxiliary line shown in Fig. 1 
supplies water for priming of the sys- 
tem. The line can be a hose or other 
temporary connection and should not 
be connected permanently to the 
system. 

The heat exchanger was the most 
difficult component of the unit to pro- 
cure commercially at a reasonable cost. 
Commercial liquid-liquid exchangers 
are made for higher flow rates and 
for higher pressures and temperatures 
than would be encountered in the pro- 
posed service and are, therefore, more 
than necessary for this unit. 
Refrigerator condensers are _ better 
suited to the flow and pressure require- 
ments of the proposed system, but they 
are designed for gas-liquid exchange, 
have unbalanced areas, and are not 
usable with a unit using the same liquid 
on both sides of the exchanger. 

Several economical designs for heat 
exchangers were conceived and tested. 
The design finally selected has per- 
formed satisfactorily and is relatively 
inexpensive and easy to construct. 
The exchanger was made by the in- 
sertion of a 4-in. Type K soft-temper 
copper tube inside a }-in. Type K soft- 
temper copper tube (Fig. 2). Prelimi- 
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nary tests indicated a heat transfer 
coefficient of 199 Btu/hr/sq ft per de- 
gree Fahrenheit, and a heat exchanger 
107 ft long was constructed. Figure 2 
isa photograph of the heat exchanger. 
List prices of the materials totaled 
55. A similar 100-ft exchanger was 
made by a local contractor for $85. 
To reduce heat losses, a box was con- 
structed for the exchanger and both 


TABLE 1 


Major Components of Pasteurizer Unit 
and Approximate Prices * 

Price 
95.00 
69.60 
54.50 

6.50 

15.00 
14.50 
12.50 
95.00 
83.50 
15.00 

5.00 
5.08 
10.90 
10.50 
1.80 
21.98 


Item 
Heat exchanger 
Bypass pump 
Heater 
Air relief valve 
Thermostatic switch 
Solenoid valve 
Thermometer 
Finished-water storage tank 
Finished-water pump 
Float switches 
Retention tube 
Well for thermostat 
Valves 
Fittings 
Pump suction line 
Wiring 
Total 

* Early cee a detailed list 
their manufacturers may be obtained from: 


Robert A. Taft San. Eng. Center, 
Parkway, Cincinnati 26, Ohio. 


516.36 


of components and 


Director 
4676 Columbia 


the exchanger and the retention tube 
were covered with granular insulation. 

The pump used serves both as a 
bypass and main pumps (Fig. 3). 
Most pumps available for the small 
design flow of 0.35 gpm are not built 
for continuous service, and some diffi- 
culty was experienced in obtaining 
suitable pump. 

As electric power is available in most 
rural areas, an electric heater—the 
smallest convenient one that would ful- 
fill design requirements and reduce 
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heat losses to a minimum—was se- The unit at Point Pleasant, Ohio, 
lected. A commercial unit consisting is constructed on the same principles 
of a 1,500-w heater inside a 2-in. insu- as the all-electric unit at the Taft Cen- 
_ lated pipe was chosen. The first unit ter, but different equipment was se- 

7 was constructed and put into opera- lected to perform equivalent functions. 
tion in early February 1958, in the Because results on the latter two units 
experimental wing of the Robert A. have not been fully evaluated, the 
Taft Sanitary Engineering Center, tables included in this report cover 


Fig. 2. Top View of Pasteurizer Unit 


The large insulated coils on the left are the heat exchanger tubes. The heater an 
coiled copper retention tube are visible inside them. The thermostatic switch, pum 
motor, air relief valve, and major valves are in the right-hand compartment (Fig. 3 


Cincinnati, Ohio. A second all-electric only the unit constructed in. Febru 
unit was installed at Point Pleasant, ary 1958. Preliminary data indicat 
Ohio, in August 1958, with a farm that the gas unit is only half as eff 
pond as the source of supply. Ir Janu- cient as the electric units in energ 
ary 1959, a third unit using a liquid utilization. 

petroleum gas for heat was constructed The first unit, diagramed in Fig..1 
at the Taft Center. has been found satisfactory to date 

wae 
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~ 
The major components and their list 
prices (early 1958) are given in 
Table 1. The assembled unit is shown 
in Fig. 4. 


Objectives of Pilot Studies 


For proper evaluation of perform- 
ance data, the following objectives of 
the pilot plant studies should be de- 
fined : 

1. To confirm the effectiveness of 
the unit in killing bacteria 

2. To measure the power consump- 
tion of the unit 

Removal of Coliform Organisms by Slow Sand 

Filtration and Pasteurization,* 1958 


TABLE 2 


Max. 
Treated- 
Water 
Tem- 
perature 
oF 


Retention 
ime 
at Max. 
Tem- 
perature 
sec 


Density | Density 
in Raw | in Clear 
Water Well 

MPN/ MPN/ 
100 ml 100 ml 


Date 


Samples 


| 540 
1,400 
2,300 


2 1,600 
=| 110,000 
2 


14,000 


7,900 
4,900 
1,700 
7,900 


110 
130 

33 
490 


4,900 | 3,300 
79,000 | 3,300 
460,000 
23,000 
1,400 


161-170 


163-170 
164-177 
164-171 
168-180 


* No coliform organisms were found in any of five 
10-ml portions per sample examined after pasteyrization, 


WATER PASTEURIZER 


Fig. 3. Side View of Pasteurizer Unit 


The valves, pump, and pressure switch 
are housed in this compartment. 


maintenance re- 


of the 


3. To determine 
quirements and _ reliability 
equipment 

4. To check the significance of scale 
or corrosion in reducing the operating 
efficiency or life of the equipment. 


Destruction of Coliform Organisms 


Removal and destruction of coliform 
organisms by filtration and heat dis- 
infection are shown in Table 2. A 
2-sec retention time was used before 
the 30-ft holding tube was inserted in 
the system. 
operation were coliform organisms iso- 
lated from the finished water. On one 
occasion the unit was challenged by 
adding coliform organisms to the clear 
well to produce a concentration of 
950,000 per 100 ml. Portions of 50 
and 100 ml of the treated water were 
tested by the membrane filter tech- 
nique. One coliform organism was 
isolated from the 50-ml portion, for 
an average count of 0.75 per 100 ml. 
Thus, even with a very high bacterial 
concentration in the unpasteurized wa- 
ter, the final product was satisfactory. 


At no time during normal > 


Jan. 22) 166 
27| 164 
9/166 
Feb. 3) 165 | 
19 | 164-17 | 
24 | 164-17 
26 | 164-17 | ‘ 
Mar. 10 | 166-17 
12 | 164-17 
17 | 164-17 
19 | 164-17 
24 | 162-17 
Apr. 7 | 164-179 15 13,000 79 
9| 168-178) 15 1,700 13 
141/161-1700} 15 11,000 13 
16| 165-175, 15 2,200} 220 
21 | 161 170) 15 490 6.8 
23| 15 33,000 79 
May 5 460 49 
12 5 22,000} 100 
21 11,000! 4.5 “We 
26 1,100} 33 
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An electric-power meter installed on 
the line to the unit measured the total 
power required for pumping and heat- 


ing. In early February 1958, pasteuri- 
zation was started at an average pro- 
duction rate of 250-270 gpd. The unit 
was in almost continuous operation, 
except for weekends, for 360 days. 


During this time, 53,400 gal was 
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per cent h’gher than initially predicted. 
One factor contributing to the differ- 
ence is the lower power efficiency of 
small pumps, giving an actual power 
about ten times the theoretical 
cost. Another factor is the heat loss 
during starting. The total cost of 
water based on a 10-year amortization 
of equipment and a yearly consumption 


cost 


Fig. 4 


Front View of Assembled Pasteurizer Unit 


The instruments to the right include temperature and pressure gages, the main switch 
box, the pilot light, manual switches, and the thermostat control setting. 


treated. Data on power consumption 
(Table 3) are shown for the first 3 
months and for the final month of 
operation. The average power con- 
sumption per 1,000 gal was 37.7 kw-hr. 
At a cost of 1 cent per kilowatt-hr, 
the cost per 1,000 gal would be 37.7 
cents. This cost is approximately 50 


of 90,000 gal, is 97.7 cents per 1,000 
gal. This cost does not include any 
maintenance or servicing charge. 


Equipment Performance 

The only piece of equipment to give 
performance trouble was the pump on 
the first unit. Four pumps tested have 
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failed to give satisfactory performance. 
On one, the carbon brushes on the 
motor and the carbon vanes on the 
pump impeller wore quickly. On 
others, leaks developed which required 
frequent service. 
The turbine vane pump now in use 
has given approximately 18 months’ 


WATER 


PASTEURIZER 


maintenance-free service to date and 


the equipment promises to be suitable 
for continuous use. ao 


Little Miami River water, which is 


pumped into the experimental wing 
of the Taft Center, was treated by the 


Corrosion and Scale 


TABLE 3 
Operating Costs of Water Pasteurization Unit, 1958—59* 


| Cost of 

Treated 

Watert 

¢/1,000 
gal 


Electrical | Cost of 
Mc Water Power | Electrical 
| Powert 
Day 
| 


Feb. 39.1 
39.5 
36.6 
38.3 
37.3 


2: 
2: 


uw 
= 


| 
| 
| 
| 


Cost of 
Electrical 
Powert 


Electrical 
Power 
Used 


kw-hr 


Water 
Used 
gal 


250 
250 
280 
250 
310 


10.0 40.0 
35.6 
38.5 
38.0 


38.5 


Apr. 16 | 
17 


290 
290 
260 
250 
250 


36.8 
36.8 
35.0 
37.2 
39.2 


290 
250 
210 
160 
270 


33.0 
36.4 
36.6 


280 
240 
300 
250 
250 


260 
270 
280 
270 
250 


250 
240 
280 
290 
290 


30 


* Rate of flow was 0.35 gpm; inlet water temperature was 47°-61°F; pasteurization temperature was 162°- 


179°F. 


+ Based upon an assumed rate of 1 cent per kilowatt-hour. 


t Average cost was 37.7 cents per 1,000 gal, 


and Watert 
2: 8.6 | 86 | 344 | 23 10.7 10.7 | | 
2: 8.6 | 86 | 344 24 | 10.7 | 10.7 
) 93 | 93 37.1 25 | 9.1 9.1 
Mar. | ) 8.6 | 86 | 344 || May 1 9.3 9.3 = ae 
9 | 10.3 | 10.3 | 41.0 | 2 9.8 9.8 
1¢ » | os | os 38.0 || Dec, 29 9.6 9.6 | gee. 
1 ) 9.5 9.5 38.0 30 9.1 9.1 ue ee: 
12 ) 9.3 9.5 38.0 31 7.7 7.7 
iB ) 9.5 9.5 38.0 || Jan. 2 6.0 6.0 37.5 "ees 
. 1 ) 10.6 | 10.6 | 424 5 10.5 | 10.5 | 38.5 ae 
17) 7.9 79 | 315 6 | | 395 
95 | 95 | 38.0 7 | | 94 9.4 39.0 
21 ) 10.0 | 10.0 | 37.2 8 | 11.70 | 11.7 | 39.1 
23} 270 9.9 9.9 | 36.5 9 10.1 10.1 40.4 
Apr. 1} 250 | 10.3 | 10.3 | 41.2 12| | 9.4 94 | 37.6 bal 
| | 
| 
2| 250 94 | 94 | 37.6 13 | 100 | 10.0 | 38.5 < Ee 
| 3) 250 9.0 9.0 | 36.0 14 | 10.2 | 10.2 | 37.8 Be 
4} 290 | 10.7 | 10.7 | 36.9 15 } 105 | 10.5 | 37.5 — ae 
250 9.0 90 | 36.0 16 | 11.5 | 42.5 
8} 250 9.5 9.5 38.0 21 | 9.6 9.6 38.5 cae 
9| 250 93 | 93 37.2 11.2 11.2 44.8 sper 
10) 250 91 | Of 36.4 27 | 9.2 9.2 | 38.3 
11| 250 9.0 90 | 36.0 28 | 11.0 | 11.0 | 39.3 a 
14} 280 10.7 10.7 38.2 11.5 11.5 39.7 
15| 280 | 10.8 | 10.8 38.2 = 10.6 | 10.6 | 365 , a 
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TABLE 4 
4 Sample Chemical Analyses of Water Before 
and After Pasteurization 


Concentration -ppm 


In 
Effluentt 


In 
Influentt 


Calcium (Ca) 
Magnesium (Mg) 
Chloride (Cl) 
Sulfate (SO,4) 


Alkalinity (as CaCQs;) 
Hardness (as CaCOs;) 
Dissolved oxygen 
Carbon dioxide* 
Copper (Cu) 


* By titration. 
t pH 7.72. 

t pH 7.76. 
pasteurizer during the first 6 months 
of its operation. 

Table 4 shows typical chemical an- 
alyses of the influent and effluent water. 
The only significant change in chemical 
quality during passage through the 
pasteurizer was a slight increase in its 
copper content, a common occurrence 
in new copper plumbing. Copper dis- 
solution decreased as the unit contin- 
ued to operate. Inspection of test sec- 
tions has shown no evidence of signifi- 
cant corrosion or scaling. 


Conclusions and Recommendations 


The pasteurization unit described in 
this report has performed satisfactorily 
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in destroying coliform organisms. Be- 
cause there is no residual disinfecting 
action following heat treatment, it is 
essential to avoid recontamination of 
the water in storage or in the plumb- 
ing system. 

The total cost of water pasteuriza- 
tion on a household scale is estimated 
to be approximately $1 per 1,000 gal. 
This cost is high compared with that 
of chemical disinfection. The principal 
advantages of pasteurization are its 
reliability and simplicity. The major 
mechanical difficulty encountered to 
date has been in finding a suitable 
pump. The pump presently in use 
may solve this problem. Scaling and 
corrosion problems have not been 
important. 

Additional field testing of the units 
is desirable. Drawings of the units 
and instructions for constructing the 
heat exchanger are available; requests 
should be addressed to: Director, Rob- 
ert A. Taft Sanitary Engineering Cen- 
ter, 4676 Columbia Parkway, Cincin- 
nati 26, Ohio. 
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N Standard Methods,’ two methods 

are given for the determination of 
nitrate ions in water: the phenoldi- 
sulfonic acid method and the reduction 
method. In recent years, the use of 
brucine as a colorimetric reagent for 
nitrate has been reinvestigated and pro- 
posed for the determination of nitrate 
ions in water.*»* The brucine method 
has the advantage over the standard 
methods in speed and simplicity. The 
brucine color system does not obey 
Beer’s law, and, owing to variability 
of color development from one occasion 
to another, one must run a set of stand- 
ards along with the sample. 

A new spectrophotometric method, 
employing 2,6-xylenol as a reagent, is 
suggested for the determination of ni- 
trate ions. Absorption measurements 
are made at 322-324 mp. Beer’s law 
is obeyed in the concentration range 
of 0-125 ppm nitrate, and precision, 
expressed as the coefficient of variation, 
averages about 1 per cent in this range. 
Direct determination of samples is pos- 
sible and requires less than 10 min. 


1. General Discussion 

1.1. Principle. 2,6-Xylenol is known 
to react with excess nitric acid to form 
4-nitro-2,6-xylenol,t the only mono- 


nitro derivative reported in the litera-— 


ture. The conditions under which ni- 
trate ion and excess 2,6-xylenol re- 
agent react quantitatively to form the 
4-nitro derivative have been investi- 
gated. For aqueous samples of ni- 


= 


trate, two acid mixtures were found | 


to be satisfactory as nitrating media; 
these are 6:3:1 sulfuric acid—water—_ 
acetic acid and 4:4:1:1 sulfuric od. 
phosphoric acid—water—acetic acid mix- 
tures by volume. The 


the reagent. In these acid systems Mr 
reaction between nitrate and 

xylenol is complete within 5 min. The 
procedure calls for the addition of 1.00 


ml of an aqueous nitrate sample and - 


1.00 ml of 2,6-xylenol reagent to 80 
ml of an acid mixture. After a re- 
action time of approximately 5 min, 
the absorbance of the reaction mixture 
is measured at 322 or 324 mp, de-— 
pending upon the acid system em- 


10 per cent 
acetic acid is present as the solvent for — 


ployed.* For a single spectrophotome- 


ter, cell, stock solution, 
sample, the 
line is linear and constant. 


*For reasons beyond the scope of this 
article, these wavelengths do not correspond 
to the maximum absorbance of the known 
4-nitro-2,6-xylenol. 


Therefore, 


and type of | 
concentration-absorbance _ 
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unknown nitrate concentrations may 


be determined from the experimental 
molar absorptivity. Spectral curves of 
1.001 *10°°M 2,6-xylenol, 1.00x 10 *M 
4-nitro-2,6-xylenol, and a reaction mix- 
ture containing 14 yg nitrate nitrogen 
and 10°M 2,6-xylenol reagent are 
shown in Fig. 1. 

1.2. Interference. Nitrite and chlo- 
ride were found to interfere with the 
method. Both ions cause large re- 
coveries of nitrate but are easily elimi- 


08 


Absorbance 


260 280 300 320 340 360 380 400 
Wavelength —m 


Spectral Curves of Reagents 
Curve A represents 1.001 X 10-°M 2,6- 
xylenol; _B, 1.00% 10-*M  4-nitro-2,6- 
xylenol; and C, nitration mixture (14.0 
pg nitrate nitrogen) in 6:3:1 sulfuric 
acid—water-acetic acid. 


Fig. 1. 


nated. The addition of solid sulfamic 
acid to reduce nitrite to nitrogen, satis- 
factorily eliminates the nitrite interfer- 
ence. Chloride interference is elimi- 
nated by adding solid silver sulfate 
(low in nitrates) and removing the 
precipitated silver chloride by filtration.* 


2. Apparatus 


2.1. Spectrophotometer, suitable for 
use at 322-324 map. 


*Further details and data can be found 
in the Ph.D. thesis of R. I. Asai, University 
of Illinois (1959). 
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yw Quartz absorption cells, 1-cm. 
2.3. Buret, 50-ml, equipped with 
special plastic ¢ stopcock ¢ to dispense 
highly acid mixtures. 


3. Reagents 
3.1. 2,6-X ylenol (0.01M). Dissolve 


1.2216 g of 2,6-xylenol,§ and dilute to 
1 liter with glacial acetic acid. 

3.2. Stock nitrate solution (100 ppm 
nitrate nitrogen). Dissolve 0.7221 g 
of analytical reagent gradé potassium 
nitrate, and make up to mark of 1-liter 
volumetric flask with distilled water. 

3.3. Acid mixtures. Mix equal 
volumes of concentrated sulfuric acid 
and &5 per cent phosphoric acid (both 
reagent grade), or three volumes of 
concentrated sulfuric acid and one vol- 
ume of distilled water. Cool to room 
temperature. 


4. Procedure 


4.1. Construction of standard curve. 
Prepare nitrate standards from stock 
nitrate solution, by proper dilution, to 
be 2.0, 4.0, 8.0, 12.0, and 16.0 ppm 
in nitrate nitrogen. From a_buret 
equipped with a special plastic stop- 
cock, add 8.0 ml of either acid mixture 
to a 50-ml erlenmeyer flask. Pipet 
1.00 ml of the aqueous nitrate standard 
and 1.00 ml of stock 2,6-xylenol re- 
agent into the flask. Gently swirl the 
contents of the flask and, after allow- 
ing a 4-5-min reaction time, measure 
the absorbance of the solution at 322 
mp if the H,SO,-H,O acid system 
is employed, or at 324 my if the 
H,SO,-H,PO, acid mixture is em- 


+ Teflon, a product of E. I. du Pont de 
Nemours & Co., Wilmington, Del. 

t Manufactured by Fischer & Porter Co., 
Hatboro, Pa. 

§ No. 1772, from Eastman Organic Chemi- 
cals Department, Rochester, N.Y. 
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TABLE 1 


Nitrate Determination in Known Samples 
With the 2,6-X ylenol Method 


| Nitrate | 

Nitrogen Absorbance*, Nitrogen 

Added at 324 my Found 
| us 


Nitrate Coefficient 
0 
Variation 


| 


0.162 2.88 
0.321 5.73 
11.3 
22.9 
28.8 


om 


| 
~ 

a 

Os 


* Average of five determinations. 


ployed. Correct for reagent blank and 
construct standard curve. For a single 
spectrophotometer, cell, stock solution, 
and type of sample, the concentration- 
absorbance line is linear and constant. 
Therefore, unknown nitrate concentra- 
tions may be determined from the ex- 
perimental molar absorptivity. 

4.2. Determination of nitrate in 
sample. Take an aqueous 
sample containing 0-16 ppm _ nitrate 
nitrogen (dilute if necessary). If 
more than 10 ppm chloride is present, 
treat sample with solid reagent grade 
silver sulfate (low in nitrates), and 
remove precipitated silver chloride and 
excess silver sulfate by filtration. A 
large excess of silver sulfate is toler- 
able. If nitrite is also present, treat 
filtrate with solid sulfamic acid.* Pro- 
ceed as in 4.1. From absorbance read- 
ing at 322 or 324 mp, either determine 
nitrate concentration from standard 
curve or calculate from experimental 
molar absorptivity. 


aqueous 


5. Interpretation of Results 


5.1. The method was applied to sam- 
ples of known nitrate concentrations. 


* No. 4659, from Eastman Organic Chemi- 
cals Department, Rochester, N.Y. 


NITRATE DETERMINATION 


To 80 ml of 1:1 sulfuric acid— 
phosphoric acid mixture were added 
1.00 ml of nitrate standard and 1.00 
ml of stock 2,6-xylenol reagent. The 
absorbance measurements at 324 mu, 
measured against nitrate concentration, 
were linear over the range of 0-125 
ppm nitrate ion. The precision of the 
method is excellent, as shown in 
Table 1. 
5.2. The nitrate concentration 
several ground and river water samples 4 
was then determined (Table 2). The 
samples contained nitrate in the con-— 
centration range of 0-10 ppm, which 
required the introduction of a con- — 
centration step. After treating the 
samples with solid silver sulfate e 
removing the precipitated silver chlo- 
ride by filtration, 10.0 ml of the filtrate 
was evaporated to dryness in a el 
erlenmeyer flask by the use of an infra- 
red lamp. It was found that the pl : 
of the aqueous sample, prior to evapo- 
ration, was very critical. At a pH © 
greater than 7, the residue was slightly 
charred, and subsequent absorption 
measurements were slightly erratic. 
At a pH less than 6, loss of nitrate 
occurred. After evaporation of the 
samples to dryness, 8.0 ml of the acid 


TABLE 2 


Nitrate Determination in Ground 
and River Water hana 


No. of 
Deter- 
minations 


Nitrate Average 
0 
ppm — n 
0.02 
0.02 
0.06 
0.11 
0.06 
0.09 
0.13 
0.11 


Sample No. 


2.69 
2.85 
3.15 
7.46 
1.69 
3.43 
3.78 
3.42 
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mixture, 1.00 ml of water, and 1.00 ml 
of 2,6-xylenol reagent were added to 
the flasks. The contents were gently 
swirled, and after a 5-min reaction 
time the nitrate concentration was 
determined from absorbance measure- 
ments at 324 mu. 

From preliminary experiments, there 
seems to be a good indication that 
3.00-ml aqueous samples can be em- 
ployed for a direct determination, as 
outlined in the procedure section. Ex- 
treme caution must be taken, as con- 
siderable heat is evolved by the addi- 
tion of 6.0 ml of concentrated sulfuric 
acid to 3.00 ml of water. This would 
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allow one to determine lower levels of 
nitrate without evaporating the sample. 
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Natural Waters 


J. F. J. Thomas and J. J. Lynch 


A contribution to the Journal by J. F. J. Thomas, Head, and J. J. 
Lynch, Scientific Officer, both of the Industrial Waters Section, Min- 
eral Processing Div., Mines Branch, Dept. of Mines and Technical 


Surveys, Ottawa, Ont. 


ATER supply chemists and engi- 
neers, who are primarily con- 
cerned with natural or unpolluted 
waters for domestic and industrial use, 
usually define alkalinity as that prop- 
erty of an aqueous solution which 
enables it to neutralize acidity to the 
equivalence point, thereby increasing 
the hydrogen-ion concentration and de- 
creasing the pH of the aqueous solu- 
tion. They usually consider only 
‘carbonate” alkalinity—that is, dis- 
solved bicarbonates, carbonates, and 
hydroxides—and report it in equiva- 
lents, or parts per million, of calcium 
carbonate. In polluted waters, indus- 
trial brines, and industrial waste 
waters, alkalinity, or basicity, may be 
due not only to carbonates but to weak 
organic acids and other anions, such 
as silicates, borates, and phosphates. 
Analysts and others concerned with 
such waters may neutralize to other 
than the equivalence point. It is as- 
sumed, for the purpose of this discus- 
sion, that if these other basic anions 
are present, in the water under study, 
they are so only in_ insignificant 
amounts in comparison with the car- 
bonate present. 
In natural waters fundamental equi- 
libria exist between free carbon diox- 
ide, bicarbonate, carbonate, hydroxide, 
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pH, and total alkalinity. These rela- 
tionships have been studied by many 
workers and applied to various aspects 
of water analysis and treatment.**® 
From these fundamental relationships 
the ionic concentrations of bicarbonate, | 
carbonate, and hydroxide can be calcu- 
lated if the pH and total alkalinity are 
known. The accuracy of the calcula- 
tions depends, therefore, largely upor 
the accuracy with which the pH and 
total alkalinity are determined. 


Carbonate Alkalinity Determination 


Standard, or referee, methods for the 
determination of alkalinity are well 
documented.7** The water sample is 
titrated with a standard solution of a 
strong acid (hydrochloric or sulfuric 
acid) to the equivalence points of the 
first and second dissociations of the 
carbonate ion. 

The methods differ principally in the | 
means employed to determine the end- 
points, the accuracy of the method de-— 
pending upon the reliability of the — 
latter determination. In standard, or 
referee, procedures the equivalence 
points or endpoints are determined by 
electrometric titration, and in routine 
plant methods they are determined by 
the use of organic indicators. Various 
indicators or mixtures of indicators 
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true equivalence points. 


-— 
200 
have been recommended and used by 
analysts to increase the accuracy of 


the visual determination of endpoints 


and to give closer agreement with the 
8-11 


The most accurate procedure, and 


one that is also suitable when other 


than carbonate alkalinity is present, is 
to determine the total carbon dioxide 
content of the water.’ From this value 


and the pH of the water, the relative 


J. F. J. THOMAS & J. J. LYNCH 
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the true equivalence point but de- 
creased the error due to the sliding 
endpoint common in weakly alkaline 
waters.’* They found that for the low 
alkalinities present in rain water (0-7 
ppm as CaCO,) a plot of hydrogen 
ion concentration (or activity) versu 
volume of standard acid became a 
straight line after the true equivalence 
point was reached. Extrapolation of 
this straight line to a hydrogen-ion 


H* x 107’—moles per liter 


8 


0.01N H, SO, 


Fig. 1. 


- Data are for sample No. 9686. 


Determination of Equivalence Point 


Curve A has the pH scale as its ordinate; the ordinat 


for Curve B is the molar concentration (right-hand scale). 


amounts of each ion contributing to 
carbonate alkalinity can be calculated 
from theoretical equations. The 
method is, however, time consuming, 
and it demands such careful technique 
that it is not generally suitable for 
routine use. 

Larson and Henley developed a 
method for determining low alkalini- 
ties in rain water which permitted not 
only greater accuracy in determining 


concentration of zero moles per lite: 
[(H*) x 107 = determined the 
amount of acid required at the equiva 
lence point (endpoint) and thereby th 
total alkalinity of the water. They as 
sumed that extrapolation should be 
made to (H*) xX 107=1, or pH 7 
but showed that extrapolation — tc 
(H*) x 10°? = O introduced negligible 
error. They recommend the methoc 
only for waters having low alkalinity 


{100 
4 
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or acidity. Their procedure, although 
accurate for such waters, is quite time 
Equivalence Point 

It has been recognized for some 
time that the true equivalence point pH 
for dissociation of the bicarbonate ion 
to carbonic acid varies with the total 
alkalinity. 

Calculation from fundamental equa- 
tions shows that the inflection point, or 
equivalence point pH, for the first- 
dissociation (carbonate to bicarbonate ) 
is relatively constant at pH 8.35-8.36, 
so that titration to pH 8.3, as is nor- 
mally required in standard methods, is 
sufficiently accurate. 

Similar calculations and the technical 
literature, however, show that the 
equivalence point pH for the second- 
dissociation (bicarbonate to carbonic 
acid), whereby the total alkalinity is 
determined, varies with the amount of 
alkalinity present, the variation being 
particularly significant at low alkalini- 
ties. Recently developed referee meth- 
ods for the determination of alkalinity 
have recognized this by recommending 
titration to varying pH endpoints, such 
as 5.1, 5.0, 4.8, 4.5, 3.5, depending 
upon the total alkalinity. These meth- 
ods, although they decrease the error, 
do not eliminate it and cannot be ap- 
plied without some prior knowledge of 
the total alkalinity. 

It is also important to realize that 
both equivalence points vary with tem- 
perature and that the error may be 
significant unless temperature is con- 
trolled within + 5°C during alkalinity 
determinations. 

In the course of other studies, it was 
found necessary to determine accu- 
rately the alkalinity of a large number 
of waters in which the alkalinity was 
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carbonates 


due to 


and Henley was studied because it was 


claimed that it eliminated the error due 
to varying equivalence points. 
from that 
used routinely in 
natural waters. 
ing on the application of the proce- 
dure to other waters and aqueous— 
solutions. 


the laboratory for 


TABLE 1 


Comparison of Methods for the Determination 
of Total Alkalinity 


Alkalinity 
(as CaCOs)—ppm 
Water Sample or —— 
Sodium Bicarbonate 
Solution 


Calculated 
From Total 
Carbon 
Dioxide 


Larson and 
Henley 
Procedure 


NaHCO; solutions 


Water samples 
M 548 
M 550 
M 551 
M 560 


Procedure 


The equivalence point pH was de- 


termined for 65 natural waters, sodium > 


carbonate solutions, and sodium bicar- 
bonate solutions having total alkalini-— 
ties ranging from 0.5 


CaCO, ) 


» 


The 
procedure outlined below and adapted a 
method _was found to be 


Studies are continu-— 


to 400 ppm (as_ 


261 
7 
3 95.3 96.5 
141.2 419 
7 71.2 
71.0 71.2 4, 
89.8 89.7 
15.6 15.7 
Titration curves similar to Curve A, 
g. 1 were determined for each water 
aqueous solution using a pH meter.* 
* Model N ; manufactured by Beckman In ‘ 
ruments, Fullerton, Calif. 
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The procedure of Larson and Henley 
was then applied to the data (see 


Curve B, Fig. 1 and 3) and the 


- straight-line portion of these plots ex- 
trapolated to the abscissa [(H") 
x 107=0]. Perpendiculars drawn 
from these intercepts with the abscissa 

were considered to intersect Curve A 
of each titration curve at the equiva- 

lence point pH, or endpoint, of the 
titration. 

Equivalence point pH values were 
then plotted against total alkalinities 
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The validity of the application of the 
Larson and Henley method over this 
wide range of alkalinities was tested 
as follows: 

1. Total alkalinities, determined for 
a number of the waters, in the manner 
described above, were compared with 
alkalinities calculated from determina- 
tions of total carbon dioxide content of 
the same waters. 

2. Alkalinities, determined by the 
Larson and Henley method, for aque- 
ous solutions of cp grade sodium bi- 


x 
a 
= 
& 48 
a 
2 
w 


> 
> 


4.2 


40 
120 


Pig. 2. 


160 200 240 280 320 360 
Total Alkalinity (as CaCO, )—ppm 


400 440 480 


Variation of Equivalence Point pH With Total Alkalinity 


Solid circles represent values calculated by Dong, Guisti, and Greenberg*®; open 
circles are those of the authors. 


of the waters calculated from the vol- 
ume of standard acid used at the inter- 
section to produce the curve shown in 
Fig. 2. The dotted line at pH 3.9 
(Fig. 2) marks the methyl orange end- 
point used by Schroeder. Standard 
Methods,* considered the methyl 
orange endpoint to be at pH 4.3. Both 
values are significantly lower than the 
true equivalence point pH values. 


carbonate were checked by determining 
the equivalents of sodium ion in the 
same solutions. 

3. The equivalence points obtained 
by the Larson and Henley procedure 
were compared with those calculated 
from theoretical equations and with 
those obtained from a graphical deter- 
mination of the inflection point of each 


electrometric titration, 
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As the above studies were all car- ered very close (Table 3). It will be | 
ried out at room temperature and at noted that very small changes in acid — 
normal atmospheric pressure, whereas volume (1 drop) are magnified when © 
Larson and Henley titrated alkalinities converted to equivalence point pH or | 
while bubbling a carbon dioxide-free alkalinity, especially in the steepest 
gas through the water, tests were also portion of Curve A (Fig. 1). 
carried out under the latter conditions. 

Routine Use of Method 


The method described above is very 
time-consuming, as it necessitates a 


Results 


In Table 1 alkalinities determined 
by the Larson and Henley method and 
by the total carbon dioxide evolution 
method are compared. In view of the 
errors in determining the line slope 
graphically instead of mathematically 450 
and those inherent in the carbon diox- 
idle evolution method, the two proce- 400 
dures show satisfactory agreement. 

Table 2 confirms the validity of the 
application of Larson and Henley’s 
procedure to highly alkaline water. In 
this table the equivalents per million 
(epm) of bicarbonate ion as deter- 
mined by this procedure agree well 
with the equivalents per million of so- 
dium when the method is applied to 
known aqueous solutions of chemically 
pure sodium bicarbonate. 

Figure 4, a plot after the Larson 
and Henley procedure for natural 
waters over a range of alkalinities, 
indicates some variation in the slope 
and length of the straight-line portions 
(Curve B, Fig. i and 3). Such vari- 
ations are mainly due to the volume of 
water sample titrated and the amount 
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Fig. 3. Total Alkalinity Determined by 
Larson and Henley Procedure 


Data are for sample No. 9686. 


of total alkalinity. 

Figure 5 is a plot of the rate of 
change of pH with tiny increases in 
acid. Such a plot graphically deter- 
mines the inflection point, or equiva- 
lence point, of the titration. In view 
of the error inherent in this method, 
because special care was not taken 
to maintain the acid increments very 
small, agreement between it and the 
Tarson and Henley method is consid- 


plot for each water and graphical de- 
termination of the intercept. 

Figure 6 is a replot of a section of 
the graph of Fig. 3. If Points A and 
D are taken on the straight-line por-— 
tion of the Larson and Henley plot, 
then, from Fig. 6, 
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in which Xo is the intercept with the 

X-axis, or the volume of acid required 

to neutralize to the equivalence point. 
If ACX,, Yi) and D(Xo, Ye) are 

chosen so that Y; = 316 10°-7(H*), 

or 4.5, and = 631 & 10-7(HI*), 

or plIl 4.2, then Eq. (1) becomes 

Xo = Xi — (X2 — Xi) 

316 & 10-7(H*) 

(asi x 10°7(H+)] — [316 


(2) 


which reduces to = X,— (Yo—X)), 
in which X, and X» are the volumes 
| acid required to titrate to pH 4.5 
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result in the same value for Xo and, 
therefore, alkalinity. Thus, precise 
standardization of the pH meter is 
not required as in titration to a par- 
ticular pH endpoint. 

For many waters the straight-line 
portion of the plot (Curve B in Fig. 
1 and 3) is sufficiently extended to 
permit further titration to pH 4.0. 
The increment of acid required to 
titrate from pH 4.2 to 4.0 should be 
about 1.17 times that required from 
pli 4.5 to pH 4.2. This additional 
titration serves as a check on the pre- 


TABLE 2 tla, 
i. 


Validity of the Larson and Henley Method by Determination of the Tonic Balance 


Sodium | 
Bicarbonate 
Solution | 


Alkalinity Alkalinity 
as as HCOs; 


epm 


0.0836 
0.1773 
0.3640 
0.5655 
1407 
7095 
8519 
3993 


3.9844 


Larson and Henley Procedure | Flame Photometer Method 


Error 
Sodium per cent 
as HCO; 


epm 


Sodium 
ppm 


+0.3 
+0.8 
—0.1 
+0.1 
0.0 
0.0 
+0.1 
0.0 


0.0826 
0.1783 
0.3696 
0.5652 


~ 
~ 


ou 


w 
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and pH 4.2 respectively and (Y».—X,) 
is the increment of acid required to 
decrease the pH from 4.5 to 4.2. 

Other pH values may be used and 
other equations developed, but the 
length of the straight-line portion of 
the plot varies with total alkalinity 
(Fig. 4), and, as it is necessary that 
both pH or H* values lie on that 
straight line, the choice of pH end- 
points is limited. 

As the points X; and X» are taken 
0.3 pH units apart, choice of the points 


at pH 4.6 and 4.3 or 4.4 and 4.1 will 


vious titration and the acid incremen 


(Xo — 
Recommended Procedure 


For natural waters containing mainly 
carbonate alkalinity the usual referee 
electrometric-titration method for al- 
kalinity may be carried out with « 
relatively accurate pH meter and vol- 
umetric buret. 

The sample of water (25 to 100 ml) 
is titrated at room temperature (20° 
30°C) to pH 4.5 and the required vol- 


ume (X,) of standard acid recorded. 


7 
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The titration is carefully continued to 
pH 4.2 and the required volume of 
acid (X»2) is again recorded. The in- 
crement of acid from pH 4.5 to 4.2 
(X. — X,) is noted and subtracted 
directly from the volume used at pH 
4.5 (X;) to give the amount of acid 
required to neutralize the alkalinity 
to the true equivalence point of the 
bicarbonate—carbonic acid dissocia- 
tion. The total alkalinity is then cal- 
culated in the usual manner—that is, 


alkalinity = 
1,000fLX; ml — (X2ml — ml) 


ml sample 


1,000 f 


ml sample 


(2X, ml — X.ml) 


This procedure was applied to aque- 
ous solutions of anhydrous sodium 
carbonate with alkalinities of 25, 50, 
100, 200, and 500 ppm (as CaCQs), 
the titration being carried out four 
times on each solution without agita- 
tion with carbon dioxide—-free gas. 

The reproducibility of the method 
under routine laboratory conditions 
was found to be very satisfactory. 
This method is considered to be more 
accurate than present referee proce- 
dure, as it eliminates both the error 
due to variation of the equivalence 
point with total alkalinity and the 
need for precise pH meter standardi- 
zation. It is still sufficiently rapid 
for routine use. 


Discussion 


Tables 1-3 and Fig. 1-3 confirm 
the validity of extending the Larson 
and Henley procedure to a wide range 
of alkalinities. Also, the equivalence 
point pH determined by the Larson 
and Henley procedure over a wide 
range of alkalinities produced a curve 
(Fig. 2) which corresponds with the 
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curve developed from theoretical equa- 

tions by Dong, Guisti, and Greenberg." | 
Figure 3 is a complete plot following 

the Larson and Henley procedure of 


the titration curve of one water sample 


(No. 9686). It is seen that a portion 

of the graph below pH 6.5 [(H*) = : 
3 X 10°7] is also a straight line (A), 
which, upon extrapolation, intersects _ 
the extrapolated Line B at Point 


H* x 107” —moles per liter 


0.01N H, SO, —ml 


Fig. 4. Extrapolation Curves for Natural 
Waters of Varying Alkalinities 


The extrapolation curves, plotted from 

results of the Larson and Henley proce- 

dure, vary somewhat in slope and length; 

this is mainly due to differences in the 

volume of sample titrated and the total 
alkalinity. 


This point is considered to be the true 
intercept from which the perpendicu- 
lar to the titration curve should be 
drawn in order to determine the equiv-. 
alence point pH. 

Intersection of these straight lines 


spective equations for the straight — 


lines, A and B, are y = myx + by and — 


(P) is at X = yere the re-- 
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Graphical Determination of 
the Inflection Point 


Data are for sample No. 9686. In view 

of the error involved in this method, 

agreement between the graph and _ the 

results of the Larson and Henley proce- 
dure is quite clear. 


y = mx +b. The intersection of 
Line B with the X-axis (y = 0) is 


x= ~ so that the error in extrapo- 
Mo 


lating. Line B to the abscissa is 
by bo — be 
Ms — my ms 


mob, — 
— mm» 
This error is small, as 6; and my, are 
very small in comparison to 6b. and 
m»; for example, for sample No. 9686, 
by 
b» 


= 10-5and”! = 4.9 x 10-4. 
7 


No 


It is evident that Larson and Hen- 
ley were applying these principles and 
were not titrating, as they assumed, to 
an equivalence point of pH 7 for all 
waters. 

A comparison was made of the re- 
sults obtained when applying the Lar- 
son and Henley technique of bubbling 
the water with carbon dioxide—free gas 
with the procedure employed in this 
study (electrometric titration under 
atmospheric conditions). Differences 
between the two techniques were very 
small over a range of natural alkalini- 
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ties 16-250 ppm as CaCQ,;; there was, 
however, some indication that agita- 
tion by carbon dioxide-free gas in- 
creases the alkalinity slightly in the 
lower range and decreases it in the 
higher ranges. With titration to pH 
4.5 the presence of 20 ppm carbon 
dioxide would cause an increase in pH 
of only 0.005, which is well within the 
limit of error of the pH determination 
It is recognized that greater accuracy 
should result if uniform conditions of 
agitation with carbon dioxide-free air 
are employed, as any small variation 
in equivalence endpoint due to the 
carbon dioxide remaining at the end 
of the titration is eliminated. 

As the Larson and Henley proce- 
dure is dependent on pH, as a measure 
of the hydrogen-ion activity rather 
than concentration, a series of tests 
were made on waters having abnor. 


mally high salt contents. By this 
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Fig. 6. Derivation of the Modified Larson 
and Henley Procedure 


This is a replot of a portion of the graph 
in Fig. 3, X:—X, is the volume of acid 
required to reduce the pH from 4.5 to 4.2. 


20 
a 
. & = 
| 
4 
= 
4 
500+ 7 43% 
400 44 
A 
200-0 / 47 
49 
0 
i ‘ 
4 


Feb. 1960 CARBONATE 
procedure alkalinities of sodium car- 
bonate solutions of 20, 100 and 400 
ppm alkalinity to which had _ been 
added 1,000 ppm sodium chloride were 
determined. No significant effect was 
noted when the procedure was applied 
to these highly saline solutions. 

It is therefore concluded that the 
Larson and Henley procedure deter- 
mines very closely the true equiva- 
lence point of the titration and that 
it can be applied satisfactorily to nat- 
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linities. The method increases the 
accuracy of the determination of car- 
bonate alkalinity as it eliminates the 
error due to variation of true equiva- 
lence point with total alkalinity. The 
method determines the actual inflec- 
tion point or equivalence point pH of 
the titration, and it has been adapted 
to routine use with no significant de- 
crease in accuracy. The variation of 
equivalence point of the titration of 
bicarbonate ion to carbonic acid is 


TABLE 3 
Equivalence Points Determined by the Larson and Henley and Graphical Methods 


Larson and Henley Method 


From a Graphical Determination 
of the Inflection Point 


No. Equiva- 
lence 
Point 
pH 


Acid at 
Equivalence 
Point 
ml 


Total 
Alkalinity 
(as CaCOs) 

ppm 


Total 
Alkalinity 
(as CaCOs) 

ppm 


Equiva- | 
lence | 
Point 

pH | 


Acid at 
Equivalence 
Point 
mi 


5.42 
5.40 
5.16 
§.42 
5.10 


9704 
9660 
9737 
9697 
9678 
9689 
9686 
9699 
9709 
9702 
9701 
9747 
9748 
9723 
9711 


0. 


ural waters having a wide range of 
alkalinities. 

Adaptations of this technique to 
determinations of acidity, and to vis- 
ual determinations of alkalinity when 
suitable indicators are available, are 
under study. 


Conclusion 


The method of Larson and Henley 
has been shown to be applicable for 
waters having a wide range of alka- 
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graphically shown over a wide range 
of alkalinities. 
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Installation and Maintenance of Gate Valves 


in St. 
Roy W. Holzer 


Paul 


A paper presented on Sep. 17, 1959, at the North Central Section Meet- 
ing, Minneapolis, Minn., by Roy W. Holzer, Supt. of Distribution, — 


Water Dept., St. Paul, Minn. 


ING the principal reasons that 
gate valves are needed in a dis- 
tribution system, probably the most im- 
portant is to control, with ease and 
speed, the flow of damaging water 
when a break occurs in the mains. 
Another important use of valves is to 
close off a portion of the system when 
new cut-ins are being installed. Fur- 
thermore, the dividing gate is needed to 
segregate different pressure areas and 
still make it simple to reunite the sys- 
tems when difficulties arise. The many 
other uses for valves—controlling air 
vents, blowoffs, hydrants, and service 
connections—will not be discussed. 


Valve Spacing 


With regard to a main break in the 
distribution system, the question of 
how many valves would normally have 
to be closed brings to mind the impor- 
tant problem of valve spacing. Al- 
though a designer can put on paper an 
ideal system layout, it is doubtful that 
many ideal arrangements would be dis- 
covered in actual use. The problems 
of arriving at a nearly perfect valve 
system are many. The cost, the tying 
into an old existing setup, or, perhaps, 
a change in the entire system has to 
be considered. It seems, therefore, that 
emphasis should be given to a valve 
installation scheme that would be both 
economical and workable. Such a 


scheme necessitates many considera-_ 
tions. It depends, for example, ~ 
whether the pertinent area is in the 
business district, the industrial section, 


Figure 1 shows part of the distribution 
system in a typical residential area in | 
St. Paul, Minn. This portion of the 
system is 0.5 mi on each side, which is | 
also the average grid spacing for the 
city. The grid mains across the top | 
and bottom of the figure are 12 in. in — 
diameter, the one at the right is 16 in., 
and the main at the left is 12 in. 
supplying this area are seven horizontal 
6-in. service mains and one 8-in. sec- 


The left and right portions of the — 
figure show that every horizontal main. 
has gate valves on each side of the— 
vertical grid main. This, too, is prac- 
tically the setup around the secondary — 
8-in. grid main. According to “i 
figure, some gates have not been in-— 
stalled; of course, these would be | 
added when the system is improved. 
The grid mains are gated at least 
every half mile, and then on both sides 
of the intersecting grid. In some 
stances, the grid mains are gated ap- _ 
proximately every 1,300 ft. This is 
often desirable when secondary grid 
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dary grid main, running vertically 
a the figure. The gate valve spacing 
this typical area, although not per- 
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lines intersect. With this arrangement 
of valves, no matter where a service 
main break occurs, only two blocks, 
or approximately 1,300 ft of main, 
would be affected. In most instances, 
the closing of two valves would control 
the break. If trouble developed along 
the vertical grid mains, many valves 
would have to be closed, but this diffi- 
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is common in most cities, but new, 
modern plats have resulted in many 
problems related to the distribution 
system and the spacing of valves. Each 
problem requires special study. 
Types of Valves 


Each city or community has a stand- 
ard policy on the type of gate valves 
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Fig. 1. 


The solid circles shown on the mains represent the gate valves. 
spacing, regardless of where a break in the main occurs, only 
The illustration is not drawn to scale. 


1,300 ft of main) are affected. 


culty cannot be easily avoided. It would 
be well to mention that larger mains, 
which are used on the grids, usually 
split or crack, thus requiring more tirne 
for repairs. As more than 90 per cent 
of the consumers are served from the 
other mains, no serious problem de- 
velops. The area shown in the figure 
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Portion of Distribution System in a Typical Residential Area in St. Paul 


With this valve 
wo blocks (about 


and control appurtenances used in the 
distribution system. The system that 
is used in St. Paul is an economical 
one and is also quite satisfactory from 
a maintenance viewpoint. For several 
years, St. Paul has used the AWWA 
type of valve with the nonrising stem. 
The gates have iron bodies with double- 
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disk, bronze, mounted parallel seats, 
and open to the right. The only ex- 
ception to the AWWA standard is the 
greater tensile strength (80,000 psi) 
required in the valve stem. In other 
words, St. Paul requires the same stem 
strength for valves less than 30 in. as 
AWWA requires for larger gates. The 
city’s present policy is to use the ver- 
tical type of gate valve with a cast-iron 
gate box for 16-in. and smaller size 
walves; for gates 20 in. and larger, the 
horizontal type of valve with a bypass 
is used. For this type of installation, 
a precast concrete manhole is set 
around the gate mechanism, and a cast- 
iron gate box is used for the bypass 
valve. 

Tapping valves, for a number of rea- 
sons, are being used a great deal more 
at present. In the business and indus- 
trial areas of St. Paul’s distribution sys- 
tem, it is almost impossible to shut 
down for new construction during the 
ordinary working week. With the use 
of tapping valves and sleeves, however, 
construction can proceed without in- 
conveniencing consumers or decreasing 
fire protection in the area. The policy 
of using existing crosses and tees that 
were previously installed in the system 
is followed wherever feasible. The 
tapping valves are installed frequently 
when provisions have been omitted for 
the usual fitting type of cut-in. This 
situation is occurring more often, be- 
cause new plats of streets frequently 
result in mains connected to existing 
lines at unsatisfactory locations. An- 
other factor responsible for the in- 
creased use of the tapping valve is the 
excellent type of air-driven tapping 
machines now available. These have 
decreased installation costs immensely. 
At present, St. Paul taps into 4—42-in. 
mains. The tapping sizes of the 
branch lines, however, range from 3 
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in. to and including 12 in. Standard 
gate boxes are used with all sizes of 
tapping valves. 

The three-piece gate box set over 
vertical valves is a very serviceable 
item if installed correctly. The box 
consists of a separate base or pot de- 
signed to fit over the bonnet and oper- 
ating nut of the vertical gate. Bases of 
various size are made to fit valves of 
corresponding size. The middle piece 
is a standard section that fits into all 
bases and has a threaded portion near 
the upper end. The top section of the 
box is also threaded to fit over the 
middle piece and to allow for grade 
adjustment. A suitable cover fits flush 
into the top section and, when properly 
set, forms a flat surface along the street 
roadway. During installation of a gate 
box, a few simple precautions must be 
taken. 
compacted around the bonnet of the 
valve to prevent uneven settlement. In 
questionable soil, brick or creosoted 
timber may be needed under the base. 
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First, the soil must be firmly — 


The box should be well centered over © 


the operating nut and must be set ver- 
tically with a carpenter’s level. If 
these simple tasks are accomplished 


during installation, no operating diffi- — 


culties should be experienced. 
Manholes for Valves ae 
The manholes that are constructed 
around the mechanism of the horizontal 
gate valves are approximately 4.5 ft 
in diameter and set on a concrete foot- 
ing. The bottom of the manhole con- 
sists of the natural soil to allow for 
drainage. No attempt is made to house 
the entire bonnet of the gate valve, as 
experience has shown that its removal 
is not required often enough to justify 
the installation of a larger manhole or 
vault. The main purpose of the man- 
hole is to allow inspection, tubrication, 
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and access for packing the valve, as 
well as to provide an excellent means 
for the operation of the gate. At pres- 
ent, the precast concrete sections with 
precast cones on top are the most satis- 
from a standpoint of economy 
and ease of construction. The sections 
‘may be purchased in various lengths, 
so that the depth of the gate valve does 
not present a problem for the manhole 
builder. A standard metal frame and 
cover is used to top off the manhole. 
Sewer brick or curved concrete blocks 
~also make excellent manholes for gate 
valves, but the labor involved makes 
them expensive. 


Maintenance 


St. Paul is divided into four approxi- 
mately equal districts, with a water 
service foreman in charge of each. It 
- is his responsibility to check every gate 
valve in his district as often as time 
permits. It takes about 2 years to 
- inspect each area. This inspection con- 
sists of locating and checking each gate 
box for correct distances to property 
lines, for proper grade, and, if the box 
is clear, for operation. Service crews 
are not authorized to operate the gates. 
Deficiencies, like packing leaks, are 
_ repaired by authorized crews. In addi- 
tion, a great amount of maintenance is 
accomplished when valves are operated 
during main breaks and new construc- 
tion cut-ins. Of course, this is pre- 
cisely when perfect operation of valves 
is desired, but the discovery of defects 
at these times has the effect of empha- 
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sizing to foremen and crews the im- 
portance of valve maintenance every 
hour of every working day. 

Gate valve maintenance is a complex 
problem. Attempts are being made 
to divide maintenance into various 
categories, with the more important 
valves getting the most attention. The 
gates on the larger feeder mains, and 
on those smaller that must be 
operated in conjunction with them, are 
checked at least once each year. This 
inspection of locating and 
measuring the distance from each man- 
hole or gate box to the property line, 
making those adjustments necessary 
because of possible grade changes in 
the street, or adding extra asphalt 
material. Nothing can be so time con 
suming, when frost is in the ground, 
as the task of removing a few inches 
of frozen asphalt from the top of a 
manhole or box. Next on the check 
list is to make certain that the gate bo: 
or manhole is not filled with earth or 
stone, which often prevents operatiot 
of the valves. Finally, the gate is actu 
ally operated, during which proces 
most of the valves are completel 
Where large valves cannot b 
shut without endangering the system 
they are closed only to the halfway 
point. A followup crew immediatel: 
packs and makes other minor but nec- 
essary repairs. This inspection and 
maintenance procedure covers about 
20 per cent of the city’s 10,000 gat 
valves. The other valves are not for 
gotten, but less time is devoted to thei 
maintenance. 
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i= Jacking of Long Pipe Section Beneath 
a Highway 


A contribution to the Journal by 
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Spencer, White & Prentis, New York, Na. 


ACKING a _ large-diameter pipe 

through a fill usually presents no 
special problems when the length of 
the pipe is less than 60-70 ft. With 
longer pipe, unforeseen field problems 
often arise, which may necessitate the 
completion of a job by more expen- 
sive methods. This happened recently 
when one contractor had to abandon 
jacking because of excessive buildup 
of pressures and had to complete his 
job with a liner plate tunnel. 

It becomes more difficult to hold a 
large-diameter pipe to an accurate line 
and grade as its length increases. 
Suckling of the pipe is another prob- 
lem as the total jacking force rises. 
Time of shutdown between jacking 
shifts must also be considered to 
avoid unnecessary increase of jacking 
pressures. 


Installation of Steel Shell 


An awareness of the critical factors 
and proper design aided a contracting 
company to pass a }-in. thick, 66-in. 
diameter steel shell beneath a six-lane 
highway (Fig. 1) in Queens, N.Y. 
The job was done without mishap or 
settlement of the road above. The 
102-ft pipe was held to a 1-in. line 
and grade tolerance without difficulty, 
and cleared a 48-in. overhead sewer by 


8 in. at the receiving end. | 


Although the contractors were pre-_ 
pared to sink a shaft at midpoint and | 


jack from both ends, this was not nec- . 


essary. Sufficient jacking force was 
made available to push the pipe— 
through without excessive deviation; 
the pipe was made heavy enough to 
withstand buckling. The steel pipe — 
acted as a cylinder through which a 
48-in. concrete water line passed. The 
space between pipes was later grouted. — 

Experience was the principal factor 
in estimating the maximum jacking — 
pressures in advance. The soil under 
the highway, previously deposited by 
a hydraulic fill, is coarse sand under- 
laid with fine sand at the jacking level. 
A resistance of 250-350 psf to over- 
come the friction through this material 
was anticipated. Except for the first — 
25 ft, these values checked out very — 
closely in the field, varying between 
250 and 500 psf. Jacking pressures 
and unit frictional resistance of the soil — 
were high at the outset, the unit fric- 
tional resistance decreasing as work 
pre 

\ 27x 10-ft pit was dug on the north | 
side of the road and sheeted with 3-in. 
boards for the its entire 17-ft depth. 
One tier of 12-in. bearing-pile (BP) _ 
53-lb steel wales were placed all — 
around, 7 ft, 6 in. below the surface. 
Water was encountered 9 ft down, 


- 
| 
: 


HENRY GOLDFINGER 


and wellpoints were installed by the 
general contractor to keep the pit dry. 
- Pumps were placed in an adjoining 
pit 

; The principal tools used in the jack- 
ing operation consisted of a pair of 
hydraulic jacks * with 44-in. strokes 
and a cradle made from a wide-flange 
(WF) steel beam. Each of the jacks 
had a 200-ton capacity. a total of 400 


Fig. 1. 
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were placed on the two upper flanges. 
The beam was secured on 12 12-in. 
timbers. 

Jacking of the pipe and hand muck- 
ing of the soil were carried out simul- 
taneously. The jacking force was ap- 
plied along the horizontal center line 
of the pipe—12 ft, 6 in. below the sur- 
face—to two 15x60-in. steel plates, 1 
in. thick, stiffened by 12-in. I beams 


Aerial View of Site of Jacking Operations 


Shown in the photograph are the two pits dug opposite one another, on each side of 


the highway, one pit near a feeder lane. 


The 102-ft section of pipe was passed under 


the highway without disrupting traffic. 


tons—about twice the pressure finally 
needed. The cradle was made from 
a 13-ft length of 36-in. WF 230-lb 
beam, placed with its flanges vertical. 
To facilitate sliding the steel pipe, 
lengths of slit pipe, 2.5 in. in diameter, 


* Made by Watson-Stillman Co., Roselle, 


that distributed the force around most 
of the pipe’s periphery. When the 
jacks completed a stroke, they were 
retracted, and short lengths of I beams 
were placed between them and the pipe 
to fill the space of the advance. The 
jacks were extended again. Five 
strokes pushed one 16-ft length of pipe 
into the ground. One foot of pipe re- 
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mained inside the shaft and a 
new length of pipe was welded to it. 

A careful check was kept of the 
jacking pressures for each of the six- 
teen shifts. (There were two shifts 
during the last three working days. ) 
The pipe’s alignment, when necessary, 
was varied by reducing the pressure 
on one jack. The jacking load for the 
first 25 ft of pipe reached 150 tons, 
and for the remaining 75 ft, the loads 
varied between 150 and 230 tons. This 
was well within the 400-ton capacity 
of the two jacks. 

Time of jacking shutdown, based on 
the number of working shifts per day 
and shutdown for weekends, had a 
marked effect on starting pressures and 
total force each time work was _ re- 
sumed. The greater the lapse of time, 
the greater the starting force required. 
For two-shift operations (no work for 
& hr), the starting pressures increased 
approximately 4 per cent on the aver- 
age, a negligible amount. For one shift 
(no work for 16 hr), the starting pres- 
sures increased approximately 28 per 
cent. For weekend shutdown (no 
work for 64 hr), the average increase 
was 41 per cent. 

These percentages, based on a lim- 
ited number of readings, will, of course, 
vary for different conditions and soils. 
There is a need for further field study 
of starting pressures to obtain more 
accurate data. It is obvious, however, 
that work of this type should be car- 
ried out on at least a two-shift basis, 
to eliminate any appreciable increase 
in starting pressures. <A_ three-shift 
schedule may be desirable under cer- 
tain conditions. 


area, 


Installation of Water Pipe 


of the steel 
a 48-in. ID 


When the full length 
pipe had been installed, 
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reinforced-concrete water pipe, in 16-ft 
lengths, was placed inside it by jacking. 
A concrete cradle was first installed 
by the general contractor. The steel 
interlining of the 48-in. concrete pipe 
was welded together at the joints as 
each 16-ft section was placed in the 
shaft. Two 30-ton jacks with 5-ft 
strokes were substituted for the origi- 
nal jacks in order to speed up this 
operation. 

Installing the water pipe required a 
much larger jacking force than antici- 
pated. Approximately the same force 
as the weight of the pipe (327 tons) 
was exerted before the entire length 
was pushed through to the opposite 
end. The coefficient of friction was 
slightly over 1.0. 


Grouting Betweer. Pipes 


The third phase of the job required 
the grouting of the concrete pipe inside 
the steel shell. Bulkheads were built 
at the exposed ends of the steel pipe 
on each side of the road to close off the 
4.5-in. annular space between the con- 
crete and steel lines. A 10-ft high, 
1.5-in. vent pipe was attached to each 
bulkhead to insure that no air was 
entrained in the annular space and 
that the space was completely filled. 
Grout was pumped into the 102-ft 
length through a 2-in. flush-joint 
pipe * that was previously supported at 
the top with J hooks within the steel 
pipe. As grouting proceeded, the 2-in. 
pipe was withdrawn. 

It took 8 hr to fill the annular space 
between the two pipes with 28 cu yd 
of 1:2 grout. With a_ high-speed 


* AX pipe, in the standards of the Dia- 
mond Core Drill Manufacturers Association, | 
New York, N.Y. 
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(2,000-rpm) grout mixer,* the grout 
was simultaneously mixed and pumped 
directly into the void at a pressure of 
20. 30 psi. The grout mixer, because 
of its high-speed high-shear mixing 
action, produced a grout with a low 
ratio of water to cement (0.53), but 
with high fluidity and pumpability. It 
*Colcrete DD-8 colloidal grout mixer, 
_ manufactured in England and assembled in 
the United States, with an American-made 
-motor, by Colcrete Structures, an affiliate of 
Spencer, White & Prentice, New York, 


= 


also had the unique property, by nature 
of the centrifugal pump action of the 
mixing elements, of serving as a low- 
pressure pump as well as a mixer. 
Thus, less manpower and plant invest- 
ment were used, for no separate pieces 
of pumping equipment were required. 
Each batch of grout mixed consisted of 
three bags of cement, 6 cu ft of sand, 
and 18 gal of water. 

The jacking of the steel pipe was 
completed in less than 3 weeks; the en 
tire project, in 7 weeks. Work in the 
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Value and Use of System Records in 


Long-Range Planning 
Russell G. Kincaid 


A paper presented on Sep. 29, 1959, at the Missouri Section Meeting, 
Kansas City, Mo., by Russell G. Kincaid, Partner, Burns & McDon- 


nell Eng. Co., Kansas City, Mo. 


URRENT literature on water util- 

ity needs puts much emphasis on 
the subject of system deficiencies. A 
recent USPHS survey of utilities serv- 
ing populations of 25,000 or more indi- 
cates that these deficiencies have 
reached very serious proportions. The 
percentages of systems showing defi- 
ciencies in the principal categories 
are !: supply 20 per cent; transmission 
capacity, 40 per cent; treatment plant 
capacity, 40 per cent; pumping capac- 
ity, 33 per cent; distribution system, 
57 per cent, including ground level 
storage facilities, 29 per cent, and ele- 
vated storage, 43 per cent. 

Water utilities often develop defi- 
ciencies because of lack of public sup- 
port. Too frequently, local authorities 
fail to take action in time to prevent 
serious shortages. The only positive 
solution to this dilemma is to provide 
professional management for water 
utilities. This subject is effectively 
discussed in a recent article by Ray- 
mond J. Faust.” 


Supply and Treatment Records 


The records that most utilities keep 
on supply and treatment facilities are, 
when properly interpreted, usually ade- 
quate for planning purposes. In the 
long-range planning of supply and 


treatment facilities, the most useful rec- 
ords are those that show the historical 
trend in demand. The average annual 
day, the maximum day, and maximum 
hour for about 20 years should be 
known. Records of hourly pumpage 
and consumption for several maximum 
days each year should be studied and 
summarized. Sufficient record data 
should be studied annually to develop 
daily-demand curves for maximum 
days and maximum weeks. The weekly- 
demand curves should sometimes be 
developed for: filtration rates, low- 
service pumping, high-service pump- 
ing, and high-service consumption. 

Other records that are useful in the 
long-range planning of supply and 
treatment facilities are those on ade- 
quacy of supply, quality of supply, de- 
mand categories (industrial, commer- 
cial, manufacturing, and domestic), 
population served, per capita consump- 
tion, number of services, water un- 
accounted for, rainfall and temperature 
data. 

In order to anticipate what improve- 
ments will be necessary in the supply 
facilities of any given utility, reliable 
information must be available on sepa- 
rate plant elements. This includes in- 
formation on the overall hydraulic 
limitations of the plant and each of its 
elements ; the safe rated capacity of all 
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basins and filter units; the delivery, 
under present and future head condi- 
tions, of all low- and_ high-service 
pumps, operating both individually and 
in various combinations (including the 
largest unit out of service) ; the capac- 
ity of all basin equipment and chemical- 
handling and -feeding equipment. In 
short, sufficient data must be available 
to insure that the weakest link in the 
plant chain can be strengthened before 
any break actually develops. 


ately to its ultimate capacity of 140 
mgd. Furthermore, an engineering 
study was authorized for the purpose 
of developing a master plan of system 
improvements beyond a capacity of 
140 mgd. 

A special study of the abnormal in- 
crease in maximum day demands was 
made. This study revealed that the 
rapidly increasing use of nonconserving 
type air conditioner was causing a 
runaway demand simultaneously with 
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Fig. 1. Effect of Air-Conditioning Demand Charge on Maximum-Day and 
7-Month Average-Day Trends, Omaha, Neb. 


The dashed portions of the curves represent trends predicted as a result of the impo- 
sition of the air-conditioning demand rate after 1956. 


Air-Conditioning Demands at 
Omaha 


Figure 1 shows the trend of the 
maximum day system demand at 
Omaha, Neb., for the period 1939 to 
1959. In 1952 an improvement pro- 
gram designed to increase the plant 
capacity from about 75 mgd to 120 
mgd was begun. The abnormally high 
demands experienced in 1953, 1954, 
and 1955 resulted in an accelerated plan 
of improvements. It was decided that 


the plant should be brought up immedi- 


normal summer peaks. It was con- 
cluded that the growth trend of city 
demand could be represented best by 
considering the 7 months from Oct. 1 
to May 1. This 7-month average-day 
trend is shown graphically in Fig. 1. 

In 1954 utility officials were advised 
that unless steps were taken to combat 
the loads imposed by air-conditioning 
equipment, the ultimate capacity of the 
present plant would be exceeded before 


a new source of supply could possibly 
be developed. Following the increas- 
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ingly high demands experienced during 
the summer of 1955 it was decided to 
place a demand charge of $36 per ton 
per year on all nonconserving air- 
conditioning installations. This de- 
mand charge became effective Jan. 1, 
1956, and its immediate effect on the 
maximum-day demand can be seen in 
Fig. 1. The change in trends is partly 
because the dry years, 1953, 1954, and 
1955, were followed by abnormally wet 
years. The maximum-day demand 
rose from 80 mgd in 1952 to 120 mgd 
in 3 years and then dropped back to 
about 94 mgd by 1958. The 1959 
maximum day is on the predicted 
maximum-day trend line. 

The Omaha experience shows that 
the load imposed by nonconserving air 
conditioners is probably the most diffi- 
cult type of load to be dealt with in a 
water system, for, as soon as rates are 
adjusted to be consistent with the cost 


of providing service, the load may dis- 
appear almost completely, owing to the 
installation of water-conserving equip- 


ment. The net result of this experi- 
ence at Omaha was that extra system 
capacity was provided several years 
before it would otherwise have been 
necessary. The 1952 plan of increas- 
ing the plant capacity to 120 mgd 
would have been adequate until about 
1967, had it not been for the tempo- 
rarily high air-conditioning load. 
Figure 2 has been included to show 
hourly system demand at Omaha dur- 
ing the 1955 maximum day. It should 
be noted that the peak-hour rate was 
157.3 mgd, whereas the total consump- 
tion for the day was 119.3 mil gal. Be- 
cause of adequate storage at the plant 
and on the distribution system, plant 
capacity is determined by maximum- 
day demands. High-service pumping 
capacity is set 10 per cent higher than 
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maximum-day demands. The 1940 
maximum-day curve is included to 
show the change in the shape of the 
maximum-day load curves represent- 
ing the effect of the nonconserving air- 
conditioning loads experienced in 1955. — 


System Analysis 


The development of the Hardy Cross 
system 20 years ago has gradually | 


160 


157.3 (Jul. 28) 


102.0 (Jul. 18) 


Demand — mgd 


AM PM 


Fig. 2. Maximum Day Demand Curves 
for Omaha, Neb., in 1940 
and in 1955 


Comparison of the 1940 curve with the 
1955 curve shows the effect of noncon- 
serving air-conditioning equipment (used 
primarily during the hot, daylight hours). 


brought distribution system analysis 
from the rule-of-thumb category into 
the realm of sound engineering princi- 
ples. Recently the McIlroy analyzer 
and the electronic computer have re- 
placed older, tedious methods of analy- 
sis. Basic data must, however, still 
be compiled before any method of 
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analysis can be applied. It is there- 


fore essential that complete and _ reli- 
records be available. 


able 


Input Data 


The maximum-day conditions that 
are usually analyzed are maximum- 
hour demand and replenishing storage. 
It is necessary, in the study of maxi- 
mum days, to have hourly data on 
all sources of supply to the distribution 
system, including high-service pumps, 
gravity supply, stations, and 
ground and elevated storage. Data on 
the source of supply are usually avail- 
able in the form of 24-hr flowmeter 
charts. Storage inflow and outflow 
rates may be determined from flow- 
meter records or level records. The 
level records may be either on charts 
or tabulated from data on storage ca- 
pacity at any water level. Hourly rec- 
ords of discharge rates, hours oper- 
ated, suction pressure, and discharge 
pressure should be available for all 
high-service pumps and booster pumps. 
The current head-capacity curves, of 
course, should be available. 

Figure 3 is an example of a distri- 
bution system network condensed to 
simple form. The only sources of 
input during the maximum hour are 
the supply works and storage. The 
rates from these sources are obtained, 
of course, by analyzing maximum-day 
load curves. At the source, hourly 
pumpage rates are required. Hourly 
water level records for distribution 
storage reservoirs or elevated tanks are 
essential if backflow rates during peak 
hours are to be known. Although 
these are the most fundamental records 
needed for a distribution system, it 
often happens that no information is 
available on storage operation. This 
means that the shape of the maximum- 


booster 


G. 
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day demand curve can only be guessed, 
ne actual record being available on 


maximum-hour demands. 


Pipe Records 


Before the distribution of flow 
the network can be computed, 
basic data are necessary. The 


in 
other 

size, 


Storage 
12 mgd 


Supply 
24 med 


Fig. 3. Condensed Distribution 
System Network 


The simplified network shown illustrates 

the necessary basic data for an analysis. 

Input from supply and storage give, in 

this example, a maximum-hour rate of 
36 mgd. 


age, and length of each pipe section in 
the skeleton network must be known. 
These data are usually, but not always. 
obtainable from records. Complete 
records should be kept on the installa- 
tion of all new distribution piping and 
should include the date of installation, 
size and type of pipe, type of pipe lin- 
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ing, if any, and length of pipe laid. 
Records should be kept of cleaning and 
relining of old mains. Details of con- 
nections to existing distribution piping 
and of valve locations are also essential. 


Water Use Data 


In addition to data on network 
piping, it is necessary to know the pat- 
tern of water use throughout the sys- 
tem. Except for special surveys, the 
only sources of information available 
on the distribution of water usage 
throughout the system are meter read- 
ing records. Usually, this information 
is used only by the commercial depart- 
ment for computing water bills. When 
the Hardy Cross system of analysis 
was first used, maps of meter reader 
routes often were not available. Maps 


could be developed only by the laborious 
process of referring to individual meter 
books for routing locations. 


Because 
of this situation, the author suggested, 
as early as 1944,° that the distribu- 
tion of water usage throughout the sys- 
tem should be checked annually. The 
meter book district usually is the most 
convenient unit of area for this pur- 
pose. If meter reader routes are made 
to conform to the boundaries of estab- 
lished census tracts, it is possible to 
follow the trend of population, water 
usage and per capita consumption in 
each of the population subdivisions of 
the city. The use of this principle is 
very ably described by Graeser,* in 
connection with the use of the Hardy 
Cross analysis in Dallas: 


It is planned to use the meter reading 
data according to read districts and cen- 
sus tracts as time goes along, and to use 
the same load centers as those of the 
1980 master plan to determine whether 
or not pressures will be low in a certain 
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area and what areas should be given pri- 
ority in construction as growth continues. 


The punch card records now in use 
at Dallas provide a wide variety of 
information very useful in long-range 
planning of system improvements as 
well as in making rate studies. Many 
other valuable records are also avail- 
able in addition to the primary func- 
tions of billing and accounting opera- 
tions. Before discussing further the 
basic data needed for distribution sys- 
tem analysis, certain information re- 
lating to census tracts and political | 
wards as population subdivisions will 1 
be presented. 


Census Tracts 


Census tracts as established by the 
US Bureau of Census are small areas 
having a population of 3,000—6,000. 
Certain large cities and sometimes 
their adjacent areas have been sub- 
divided into tracts. These tracts are 
intended to remain unchanged from 
census to census. 

There are 12,633 tracts in 69 tracted 
areas for which 1950 census data are 
available. Eight tracted areas were 
originally formed in 1910 and have 
increased in number since that time — 
to 69. 

Tracts are created for statistical and | 
local administrative purposes. They 
are established with approximate uni- 
formity in population, and some con- 
sideration is given to uniformity of 
size, with due regard for natural fea-_ 
tures. Tracts may form subdivisions 
of wards in areas where ward lines 
are infrequently changed, but they are_ 
usually laid out without regard to ward — 
boundaries. 

Kansas City and St. Louis were the 
only Missouri cities subdivided into 
census tracts for the 1950 census. The 
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number of tracts in these cities in 1950 
were: Kansas City, 99 (adjacent 
areas, 9); and St. Louis, 128 (adja- 
119). 

Other cities are now in the process 
of being divided into census tracts for 
the 1960 census. For example, Spring- 
field, Mo., is now divided into 25 tracts. 

In Kansas City, many of the tract 
boundaries conform to section lines. 
Tracts may, for example, be }, 4, or 
1 sq mi in area, depending upon their 
locations and populations. 

Census data on population by politi- 
cal wards are available in all cities. 
Where tracts have not been 


cent areas, 


census 


TABLE 1 


Tract Data Compared to Data for 
an Entire City 
Tract 


Item Entire City 


4,000 
gped 125 
mgd 0.50 
med 0.80 
med 1.50 


100,000 
120 
12.00 
20.00 
36.00 

12.96} 


Population 
Consumption 
Average day 
Maximum day 
Maximum hour 
Fire flow—-med 
Maximum day plus fire 
flow —mgd | 


| 32.96 


established, wards may be adopted as 
subdivisions of the water distribution 
system, but ward boundaries do 
change frequently, and it is therefore 
advisable to establish more permanent 
subdivisions. 


Suggested Subdivision 

An effective analysis method is to 
subdivide a city of a given population 
into tracts of suitable size and popu- 
lation for distribution system records. 
In this example, the map of a city of 
100,000 has been divided into 24 tracts. 


The principal records and information 
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desired for each of these tracts are 
indicated in Table 1. Other data are 
also important, such as fire flow re- 
quirements and classification of con- 
sumption as to domestic, commercial, 
manufacturing, and industrial use. 
These records should be kept current, 
especially for rapidly expanding areas. 
Distribution system analysis becomes 
quite simple if such data are available. 
As more and more analyses of assumed 
future conditions are made and com- 
pared with actual conditions, the degree 
of accuracy of the analysis improves 
The distribution system becomes a 
combination of unit areas of suitable 
size in which reliable water use data 
are available. Growth trends can be 
detected readily and the missing links 
in a master plan can be filled in in 
proper sequence. An orderly develop- 
ment of transmission and feeder mains 
is thus accomplished. 


Other Useful Records 


In addition to the records previously 
discussed, several other types of dis- 
tribution information are desirable 
Recording pressure gages should be 
installed on principal feeder mains 
throughout the system, and particular 
attention should be given to critica 
pressure points on high ground. Per- 
manent metering stations pitot 
meter taps should be established ot 
all principal feeder mains. Flow 
tests should be conducted on maxi- 
mum days. Information on fire flow 
requirements throughout the  systen 
should always be up to date. 

Aerial maps and topographic maps 
should be available as well as informa 
tion on the elevations of all pump 
stations and storage facilities. Infor 
mation should be readily available ot 
possible sites for future reservoirs, ele 
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vated tanks, booster stations, and other 
improvements. 
A list of largest consumers showing 
location and water consumption trends 
should be kept current. The probable 
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Conclusion 
The orderly development of any 
water system depends upon effective J 
long-range planning. A planned pat- — 
tern in which the various stages of | 


location of new industries should be 
studied. Records should be kept on 
the extent and location of building 
permits. 


Central Control 


The establishment of a point of cen- 
tral control of distribution system op- 
erations is highly desirable. In such 
a control center, information can be 
made constantly available on: 

1. Pressure and pumping rate indi- 
cations at all stations and at critical 
points throughout the system 

2. Reservoir levels and elevated-tank 
levels (Altitude elevated 
tanks may also be remotely controlled. ). 


valves on 


improvement fit into a master plan is 
essential. This, in turn, is possible 
only when there are adequate records, 
particularly distribution system rec- 
ords, for system planning. 
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Installation and Maintenance of Distribution 
Facilities in Wisconsin 


Panel Discussion 


1 panel discussion presented on Sep. 10, 1959, at the Wisconsin Sec- 
tion Meeting, Milwaukee,Wis. 


Water Main Installations at Neenah—Everett Westtahl 


<1 paper presented by Everett Westfahl (deceased), formerly Suft., 


Water Dept., Neenah, Wis. 


N 1942, Neenah, Wis., had 43.6 mi 

of water main; the largest main at 
that time was 14 in. Although the city 
did not have a large distribution sys- 
tem, there were so many water main 
leaks and breaks that in the fall and 
winter months it was difficult to keep 
them all repaired. Because of the ex- 
tensive number of failures, a survey 
was made of the entire distribution sys- 
tem, including water mains and valves. 

All available information was col- 
lected and a careful record made of 
new leaks and breaks. These data 
were compiled and a map made of 
the distribution system, locating leaks 
breaks, and valves. A study of the 
data and the map revealed that the 
breaks and leaks were not confined to 
any one area; nor were they the result 
of the work of any one contractor. 
Expansion of water main, poorly dug 
trenches, blocking under pipe, pipe 
resting on boulders, and a few in- 
stances of pipe shearing at the wall of 
valve manholes seemed to be the usual 
causes of the difficulties. 

In order to repair these mains, it 
was necessary to shut off the water 
in some areas for more than six or 
eight city blocks. The valves in the 


system, like those in the systems of 
most older cities, were in very poor 
condition and far apart. It took a lot 
of man-hours to make repairs—which 
were becoming more and more costly 
—and because the water was often shut 
off, many customers complained. 


New Installations 


All the mistakes of the past were 
considered before new specifications 
for laying water main were prepared. 
In 1946, the first mains were installed 
under the new specification. The re- 
sults since that time show that the 
city now has a good, practical system. 

With the new specifications, there 
is installed a 6X15-in. solid sleeve, 
with 6 in. between the spigot ends of 
the water main, in every intersection 
just past the valve (Fig. 1). At each 
intersection, three valves in concrete- 
block manholes are installed. With 
three valves for each intersection, the 
water in each city block can be shut off, 
facilitating repair work. The water 
main is laid with a minimum 6-ft 
cover, measured from the existing or 
proposed street grade. It is specified 
that all trenches be dug level, with no 
dips or sags, and that beli holes do 
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not exceed 18 in. in length and 8 in. 
in depth. When a joint is made and 
tested, the area around the bell must 
be filled and tamped with crushed stone 
or gravel before covering. Blocking 
of any kind under water main or valves 
is not permitted. 

If the bottom of the excavation is 
not dug to true grade, the contractor, 
at his own expense, must bring the 
excavation to true grade with crushed 
stone. All water main must be bedded 
on 4 in. of crushed stone or crushed 
gravel. After the main is installed, the 
contractor must test it at a pressure 
of 100 psi for 24 hr. After the 24-hr 
test, if all joints are watertight, the 
contractor backfills with crushed stone 
or crushed gravel up to and covering 
the top of the water main. 

As mentioned before, concrete-block 
manholes are used for all valves (Fig. 
2). The manhole does not have a 
concrete bottom, but is built on 8 in. 
of crushed stone. At first, the main 


D 


10-in. Main? 


}<—6-in. Main 


10-in. Main 


Fig. 1. Typical Water Main Intersection 
at Neenah 


The lettered portions of the diagram rep- 
resent the following: A, 6X15-in. solid 
sleeve; B, .6-in. valve and manhole; C, 
10X18-in. solid sleeve; and D, 10-in. 
valve and manhole. 
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2. Typical Water Valve Manhole — 
at Neenah 


Fig. 


The lettered portions of the diagram rep- 

resent the following: A, lid; B, ladder 

used in deep manholes; C, 6-in. concrete — 

block, brick, or precast concrete walls; 

D, valve; E, main; and F, 8-in. layer of 
crushed rock. 


was plastered solidly into the manhole 
wall, but after instances of pipe shear- 

ing at the wall were discovered, an 
opening was left for the pipe to pass 

through. With this opening, which © 
extends to 6 in. above the top of the | 
pipe, all shearing failures at the — 


hole have been 


Results 

Today the city has 60.4 mi of water © 
main, ranging in size from 6 in. to 
16 in. It is believed that the solid 
sleeves for expansion and the crushed 
stone under and over the water main 
have solved the difficulties with main _ 
breaks. At present, the distribution fn 
system is operated with one foreman a 


and three laborers, who make all water 
taps, install water services up to the 
meter, set the meters, and make minor 
repairs. 
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Valve and Hydrant Maintenance at La Crosse 


Clyde Collins 


A paper presented by Clyde Collins, Supervisor, Distribution System, 


Water Dept., La Crosse, Wis. 


The distribution system La 
Crosse, Wis., consists of 137 mi of 
water main, ranging in size from 6 in. 
to 24 in. To date, more than 1,407 


main valves and 1,040 hydrants have 
been installed. 

When the need for valve repair was 
first noticed, after routine shutoff of 
a water main, a maintenance schedule 
was ordered by the city’s director of 
public works, and a survey of the dis- 


tribution system had to be made. Be- 
cause of the concern about valve failure 
and the consequent unchecked flow of 
water from broken mains, the repair of 
valves was to be the first task. There 
was little or no information on the 
valves, with the exception of their ap- 
proximate location as shown on_ the 
distribution map. It was not known 
just how accurate the map was, but 
because it was the only guide available, 
it had to he followed. One street at a 
time was surveyed and the valves 
shown on the map located. When only 
one or two valves were shown to be 
located at an intersection, an attempt 
was made to find others. Sometimes 
one or two more valves were found. 
Information was recorded about valve 
size, location, type of housing (man- 
hole or valve box), direction for clos- 
ing (clockwise or counterclockwise), 
and the number of turns required for 
closing. 

Valve Repairs 


During the survey, some valves were 
found to be covered with concrete, to 
have broken stems, to be without stems 


and gates, and to have inoperative 
wedge gates due to corrosion. Some 
valve boxes were broken off at 2 ft and 
3 ft below the street grade. By the 
time six streets had been surveyed, it 
became necessary to stop the survey 
and start the repair work. Often the 
repair work had to be done at night, 
because businesses were in the shutoff 
area. Once out of the business dis- 
trict and into the residential district, 
repair crews were able to work during 
the day. Customers were notified, a 
day in advance, of the approximate 
numer of hours that the water would 
be shut off. With most valve repairs, 
it was necessary to make two shutoffs, 
once when the broken parts were re- 
moved, and again when the new parts 
were ready to be installed. 

When the survey and repairs were 
completed, all data on valves were put 
on index cards, including diagrams 
showing valve location in the inter- 
Then the distribution map 
was corrected. Today, each mainte- 
nance truck has a book with an accu- 
rate map and all the information on 
valves. The distribution system is now 
well under control; valves are inspected 
and operated at least once a year and 
repairs made immediately, 


section. 


Hydrant Repairs 


After the valve survey had _ been 
completed, the hydrants were inspected 
in a similar manner. 
on index cards indicated the hydrant 


Data recorded 


location, size, lead from the main, pres- 
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sure, number of nozzles, control valve, 
and the date of installation. When the 
file was complete, a maintenance and 
inspection form was drawn up, listing 
all work that should be done on each 
hydrant, such as repair of stuffing-box 
leaks, greasing, checking of nozzle 
threads, and painting. A crew of two 
men operated and inspected each hy- 
drant and did the work listed on the 
form, recording any defect in the 
operations of the hydrant that could 
not be repaired during the inspection. 
A followup maintenance crew made 
the major repairs. The principal prob- 
lem is that many of the hydrants do 
not drain; because of this, it will be 
necessary to inspect each hydrant twice 
a week during the winter months. 


With so many different kinds of hy- 
drants in the city, each hydrant requir- 


maintenance problem is going to be a 
very difficult one. The city is attempt- 
ing to eliminate the problem of drain- 
ing by cleaning the drains, packing 
gravel around the bottom, and covering 
the gravel with a heavy roofing paper. — 
All new hydrants in La Crosse are in-— 
stalled this way and, as far as draining — 
is concerned, have given very little or 
no trouble. It is hoped that the hy- ¥ 


drants will soon be in such good condi- 
tion that it will not be necessary to 
have them inspected during the winter — 
months, and that one man will be able — 
to maintain them during the entire _ 


year. 


Thawing of Water Services at Marinette 


Robert J. Poss 


A paper presented by Robert J. Poss, City Engr., Marinette, Wis. 
high capacity, was hired on an hourly — 


During the winter of 1958-59, Mari- 


nette, Wis., had 46 days of zero or 
below-zero temperatures. These con- 
ditions, coupled with an almost total 
absence of snow until well into the cold 
period, resulted in frost penetrations as 
deep as 7 ft. Consequently, more than 
700 service pipes, two mains, and a 
number of hydrants froze. 

The thawing of mains and hydrants 
was not a particularly difficult problem, 
but the thawing of more than 700 
frozen service lines was a major task. 
Maintenance crews worked 16-18 hr 
every day of the week, and were di- 
verted from thawing operations only 
for emergencies. Late in January 
1959, it became evident that the city 
could not cope with the ever increasing 
number of freeze-ups. A local welding 
contractor, who had a jeep-welder of 


basis and assigned to the more diffi- 
cult or more persistent freeze-ups. As 
the number of calls increased, two 
other persons who owned welders as- 
sisted the city on an independent basis, 
charging the property owner the same 
fee as the city charged—$10. The 
city’s arrangement with the independ- 
ent workers prescribed that they be 
responsible for any damage to property 
resulting from the thawing. 

When a service was thawed, the cus- _ 
tomer was asked to let the water run, 
with the understanding that an ad- 
justment would be made on his water 
bill. Most customers followed instruc- 
tions; others thought it wasteful to let 
the water run, turned it off, and soon 
were forced to request another thawing 
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The city used more water during 
this period than it ever had. A new 
filter plant had just been completed 
and was being tested when it became 
evident that the old plant could no 
longer handle the pumpage needed. It 
then became necessary to use the facili- 
ies of the new plant in addition. This 
without volume or 
impairment of water quality. The 
city’s average pumpage during the 
winter is approximately 1.7 mgd; dur- 
ing that winter, it was almost 3 mgd. 


was done loss of 


Thawing Technique 


A portable welder and a current of 
about 175 amp are used in thawing 
operations. On some persistent freeze- 
ups, more amperage may be required. 
The meter and ground wire are dis- 
connected from the house lines before 
the welder is hooked up. This pre- 
vents the current from entering house 
circuits and doing damage to house 
wiring or appliances. 

The city’s older mains are lead 
jointed. From 1946 to 1957, mechani- 
cal-joint pipe with lead-tipped gaskets 
was used. Hooking to the hydrant 
nearly always gave a good connection. 
In 1958, slip-joint pipe was tried, but 
no provision was made for a metallic 
connection between pipes. This om- 
mission resulted in difficulties. In 
some places, it was necessary to dig 
down to the shutoff; in other places, 
if houses were directly across the street 
from each other and were hooked up 
to the same length of main, thawing 
was done from the respective curb 
stops or from service pipes within the 
houses. This procedure has_ been 
changed. The pipeline inspector is 
now equipped with lead wedges and a 
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circuit tester. The wedges are put in 
place as the pipe is laid, and then, at 
the end of a day’s backfilling, the cir 
cuit is tested to see that there is con 
ductivity. If there is no conductivity, 
the contractor digs to the joints until 
the break in the circuit is located. 
Liability 

In the event of property damage re. 
sulting from thawing operations, the 
utility pays for the damage. Inasmuct 
as the utility charges for its services 
its functions must be considered pro- 
prietary and not governmental. There 
have been instances when the utility 
believed that claims were made fort 
damages not due to thawing, but  be- 
cause this could not be proved, the util- 
ity’s insurance carrier paid. 


Recommendations 


From the studies made at Marinette 
the following procedures prior to thaw- 
ing operations are recommended : 

1. Disconnect the water line at the 
water meter. 

2. Remove the ground clamp from 
the water pipe. 

3. Close the main house switch or 
disconnect the neutral wire at the 
meter to prevent a stray current from 
getting into the neutral wire and out 
into the system. 

It is also emphasized that cast-iron 
sewers and gas lines should be laid no 
closer than 3 ft from the service line. 
On one occasion, a gas line was laid 
close to the water pipe; a current used 
for thawing passed to the gas line, 
melted a lead fitting at the meter, and 
caused a house to become filled with 
gas. 
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customers 


are the ones 
you never 


hear from! 


You keep customers happy « and ‘complaints at a mini- 
mum when you eliminate taste and odor problems with 
daily threshold odor tests and adequate dosages of 
AQUA NUCHAR Activated Carbon. 


AQUA NUCHAR’s unique surface adsorbs tastes and 
odors from algae, decaying vegetation, trade wastes and 
other matter . . . leaves “sweet”, sparkling water with 
perfect, consistent PALATABILITY. Concentrations 
required average as low as 2-5 ppm. AQUA NUCHAR 
is economical, too. 

Our field technical service staff will be happy to assist 
you in setting up a PALATABILITY program in your 


_ plant. Call or write us today oe 
industrial 
CHEMICAL SALES 


_ division west virginia pulp and paper company 


230 Park Ave., New York 17 - Philadelphia National Bank Bldg., Philadelphia 7 
35 E. Wacker Dr., Chicago 1 - 2775 S$. Moreland Bivd., Cleveland 20 


: 
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ACTIVATED CARBON FOR TASTE AND ODOR CONTROL 
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Every TRIDENT 


Unit identified 


Trident water meters are precision instruments . . . every 
part made to extremely close tolerances . . . every ma- 
terial carefully selected and tested to give longest life 
in your water system. 


Most important, every improvement made in new 
Trident meters immediately becomes available in re- 
pair parts for your older meters. You re-order only the 
latest parts. As you replace worn, out-dated parts over 
the years, your Tridents are automatically modernized. 


To protect you from substitutes . . . and to make 
sure you're getting the benefits of Neptune progress . . . 
the Trident trademark is put on most all Trident parts 

. and the date is put on every major Trident part. Take 
a look at these date marks. They show you how well 
Tridents last. They also show you how your older 
meters have been kept up to date over the 
years with improved Trident repair parts. 


Insist on genuine Trident parts . . . and check to be 
certain. 


NEPTUNE METER COMPANY 
19 West 50th Street © New York 20, N. Y. 


NEPTUNE METERS, LTD. 
1430 Lakeshore Rd. + Toronto 14, Ont. 


Bronch Offices in Principal Americon and Canadian Cities. 
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‘The good old days’ reared an ugly 


headline again last December, featur- 
ing a waterborne typhoid epidemic at 
Keene, N.H., a city of 16,000 popula- 
tion. Behind “the good old days,” of 
of course, were “the good old ways,’ 
the community having depended upon 
slow sand filtration alone to treat a 
surface water supply drawn from a 
“protected” watershed. Actually, it 
took no more than a single member of 
a three-man logging crew to pierce the 
protection, he being one of those un- 
witting carriers who had himself never 
been ill with typhoid. Helped along by 
some heavy rains that washed them 
from the carrier’s wastes into the res- 
ervoir, the typhoid organisms managed 
to penetrate the filter in large enough 
numbers to get thirteen cases under 
way before emergency chlorination 
could be undertaken. 

Fortunately for those stricken, the 
organisms were attenuated and the at- 
tacks were mild. Fortunately for those 
not stricken, ‘a better new way” was 
available to protect them in the emer- 
gency. But it would seem most unfor- 
tunate if the incident does no more 
than “reinforce the attitude of water 
supply officials who insist that multiple 
use involves definite hazards.” Unless 

residents of and tourists to New 


Hampshire are different from other 
people, regardless of protection there 
will be “use” of watersheds by at 
least occasional uninspected individuals 
whose organisms may not be attenuated. 

The state department of health, 
which now encourages, but does not 
require, chlorination of surface water 
supplies, has indicated that it will con- 
duct a thorough investigation of the 
Keene epidemic. Out of its findings, 
perhaps, will come the basis for insist- 
ing that the emphasis be changed from 
“protection of the watershed” to “pro- 
tection of the public.” 


That ‘sewage’ stinks—terminologi- 
cally, that is—is the conclusion that led 
to the transformation, on Jan. 1, 1960, 
of FSTWA—into WI Federa- 
tion of Sewage & Industrial Wastes 
Associations into Water Pollution Con- 
trol Federation. And if the change in 
name seems to signify a tremendous 
expansion in Federation activities, that, 
apparently, is unintended, for both 
WPCF President Mark Hollis and 
Executive Secretary Ralph Fuhrman 
have emphasized that the objectives 
and scope of the Federation will re- 
main essentially the same. The word 
“sewage,” it is pointed out, had be- 
come a serious handicap, particularly 
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in the Federation’s growing public re- 
lations activities, and a name-change 
committee had been hard at work for 
some time looking for a_ substitute. 
At FSIWA’s Dallas meeting in Octo- 
ber, the committee recommended the 
change, those present voted in favor of 
it, and it has since been confirmed by 
a ballot of the full membership. Now 
it remains for us to get accustomed to 
the idea of calling our sewage works 
friends, perhaps, “‘polluticians.” 

Concomitant changes have been the 
conversion of Sewage and Industrial 
Wastes magazine into the Journal of 
the Water Pollution Control Federa- 
tion and the development of a new 
term, “wastewater,” as a_ substitute 
for “sewage and industrial wastes.” 
We haven’t caught up yet with nearly 
all the implications of these changes, 
nor, we imagine, has WPCF, itself, or 
its widespread membership. And no 
doubt a considerable quantity of waste- 
water will run through a good many 
wastewater conduits and into numerous 
wastewater treatment plants before we 
do. Basically, the idea of getting rid 
of an undesirable term is certainly 
sound, and even if we mightn’t have 
selected exactly the substitute that our 
FSIWA friends did, it is, after all, they 
and not we who had to live with 
“sewage.” 

Whatever they call themselves and 
the stuff with which they deal, we will 
continue to cooperate with them, both 
influentially and effluentially, as we 
have since they came into existence in 
1928. And we are certainly happy to 
have them nominally happier! 


Speaking terminologically, we re- 
member our own suggestion of not so 
many years ago concerning the desira- 
bility of substituting the title ‘“man- 


ager” for that of “superintendent” and 
“water utility” for “water works.” 
Not only in AWWA’s publications, 
but in the field we have since seen 
these preferences adopted widely, and 
with a great deal of favorable comment. 
Meanwhile, no less an organization 
than the Western Union Telegraph 
Co. has taken similar action to make 
its “district superintendents” “district 
managers.” As if to prove that WPCF 
can mean Federation of Sewage and 
Industrial Wastes Associations to one 
person and Water Resources Council 
to another, we found this note in the 
November issue of the Association 
Newsletter : 


Seeking more meaningful titles for its 
officers, one club affiliated with the Na- 
tional Management Association has sub- 
stituted “manager” for “president,” “su- 
perintendents” for “directors,” and calls 
its committee chairmen “supervisors.” 
The new titles enhance the concept of 
the NMA club as an executive develop- 
ment medium. 


For Ike, incidentally, we might sug- 
gest “fore man.” 


It ain’t what you say, apparently, 
it’s the way how you say it—and the 
secret of having it heard, according 
to publicists, advertising experts, and 
popular writers, is to make it fright- 
ening! That’s the secret of the lead 
article in the January issue of Good 
Housekeeping. It is entitled: 

DANGER IN YOUR DRINKING WATER 
It is introduced : 


Every time you turn on a faucet you 
are committing an act of faith. You 
believe that the water you give your 
child to drink, the water with which you 
cook and wash your dishes is fit for 
human use. Don’t take it for granted! 
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SOUTHERN HOSPITALITY —JEFFERSON PARISH STYLE 


Jefferson Parish, adjacent to New Orleans and divided by the busy Mississippi River, 
is host to many mew plants and homes. To welcome these newcomers, the parish has 
just added a new 500,000 gallon elevated water tank at Marrero, Louisiana. Designed, 
fabricated and erected by Graver, it identifies Jefferson Parish as a progressive area, 
ready and willing to receive new citizens. Graver can help you do precisely the same! 


GRAVER TANK & MFG. co. EAST CHICAGO, INDIANA 


DIVISION—UNION TANK CAR COMPANY 
Plants and Offices Across America 
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As weavers of alloy wire cloth and 
filter cloth, and as designers and 
fabricators of components for 
chemical and allied processing 
equipment, we are especially well 
fitted to furnish to your exact spe- 
cifications: 


@ Water intake screens 
®@ Line strainers 


® Leaf & tubular filter elements 
for precoat filtration 


e@ “Neva-Clog” Metallic Medium 
for demineralizers + softeners 
sand filters - carbon towers 
precoat filtration 


These Multi-Metal bulletins will in- 
terest you: 


Catalog No. 57 


Multi-Matter 


Investigation of Metallic Filter 
Cloths 


“Neva-Clog” Metallic Medium 


WIRE CLOTH CO.,. INC. 


1361 GARRISON AVENUE 
NEW YORK 59, N. Y. 
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It is advertised: 


Hepatitis ... Virus Diseases .. . epi- 
demics from our water faucets? ... Why 
should our health be imperiled by pol- 
luted water? Who is responsible for this 
new threat to millions of Americans? .. . 


And inside the facts are correct as far 
as we've been able to check; it’s just 
the way they are put, the way the full 
story isn’t told, the suggestive ques- 
tions that are asked. For instance, 
talking about the contamination of the 
McKenzie River above Eugene, Ore., 
we presume the author is correct in 
quoting the Lane County Medical So- 
ciety as saying that it feared that even 
high chlorination might not destroy all 
the disease-producing organisms in the 
water supply. But, of course, he does 
not point out that there has been no 
report of disease. He notes that “ex- 
perts suspect, but can’t prove, that 
waves of vomiting, cramps, upset stom- 
achs, which sometime whip mysteri- 
ously across a community, are water- 
borne.” He points out that “among 
the most frightening of the new con- 
taminants are radioactive wastes,” and 
mentions a spill on the Animas River, 
but he doesn’t mention the monitoring 
that is being done on many rivers or 
the programs conducted by the Public 
Health Service to train water utility 
men in combating these contaminants. 
He tells of a water supply in suburban 
Denver that was so bad that one 
housewife was quoted as saying, “I 
don’t even bathe my children in it 
until I add a goodly amount of bubble 
bath. 

Sut perhaps he’s right! Perhaps the 
author, one Alvin B. Toffler, and all 
the high-priced advertising and public 
relations talent that proposes the same 
technique are right—that this, indeed, 
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900 feet installed in under 3 hours 
. . - with time out for lunch! 
As fast as trenching machines will op- 


erate .. . that’s how fast it is to install A, CAN 
AMERICAN FASTITE® Joint “JOINT 


Numerous case histories verify this. CAST IRON PIPE 
For example, on a Southern suburban 
water supply system recently, 900 feet 
of 6-inch AMERICAN FASTITE® 
Enamelined pipe in 16-foot lengths was 
installed in under 3 hours... . includ- 
ing time out for lunch. The entire op- 
eration required a minimum of labor 
and equipment and resulted in max- 
imum installation economies. 
The secret of this speed is in the 
simple 3-step assembly: (1) Insert gas- 
ket; (2) Lubricate spigot; (3) Push pipe 
together ... and you have a permanent, 
bottle-tight installation! 
Your nearby American Cast Iron 
Pipe Company representative will prove Leak Free 
why AMERICAN FASTITE® is the 
right joint pipe for your next job. Call e 
him now. 


Minneapolis Denv 
Cleveland ¢ Pittsbur¢ 


SALES OFFICES 
New York City Dalic 
PT Tw Chicago Kenses Ci 


IRON PIPE CO. 


BIRMINGHAM at. agama 
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is the way to tell the public—to sell the 
public. And if it isn’t quite honest and 

if it throws a shadow rather than a 
light on the water supply field, perhaps 
the end justifies the means. Perhaps 
people have become so accustomed to 
= frightened into using this tooth- 
paste, smoking that cigaret, eating the 
other cereal that they can only be 
frightened into supporting this bond 
issue or that project. Perhaps. We 


rather doubt it, but not having the 


money to go about it any other way, 


~ we'll even say: Perhaps—we hope! 
At any rate, “Danger in Your 


undoubtedly been read by a million 
or more people. And the end of the 


story may well undo some of the dam- 


age done by the rest, in telling people 
that they can do something about im 
proving their water supply. They can, 
with your help, that is. And to make 
the best, rather than the worst of the 
article, we suggest that you read it 
and answer it, locally, to your women’s 
clubs, your civic organizations, your 
newspaper, and whomever is willing to 
listen ! 

There’s opportunity in the “Danger 
in Your Drinking Water”! 


Marvin Lane, technical director of 
Graver Water Conditioning Co., New 
York, has been named general manager 
of the company, which is a division of 
Union Tank Car Co. Lane has been 
with Graver since 1949. 
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Iron and Manganese Removal Plus Water Softening .. . 
Automatically by lon-Exchange using Invercarb C-110 


Low in cost—efficient in operation. Send for Particulars. 
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The water on Venus, recently dis- 
covered by two scientists who ballooned 
to a height of 80,000 ft to take a rela- 
tively unhampered spectrometric look 
at our neighbor in space, is unlikely 
to have any immediate effect on the 
price of water here on Earth or, for 
that matter, on its availability. But the 
fact that water does probably exist 
there, as it has been determined to 
exist on Mars, brings us one step closer 
to the possibility that water customers 
also exist there. And the search for 
not just life, but intelligent life, on 
other planets is, according to Otto 
Struve, director of the new National 
Radioastronomy Observatory at Green 
Bank, W.Va., the basis of a current 
revolution in astronomy comparable in 


DARLEY MAGNETIC 


DIPPING NEEDLE 
$17.50 


with 3 section 
telescoping 
handle 
$22.25 


Write Today for 
100-Page Catalog 


W. S. DARLEY CO. 
Chicago 12 
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significance with the Copernican revo- 
lution of 400 years ago. Actually, the 
search has been tremendously extended 
of late through the use of improved 
equipment, including such tools as Dr. 
Struve’s &85-ft radiotelescope at Green 
Bank. And with the completion of the 
600-ft telescope now being built by the 
Navy and the 1,000-ft one planned for 
the Puerto Rican hills by Cornell Uni- 
versity, astronomers will soon be many 
light years closer to those planets in 
our own and other galaxies where, 
many believe, other intelligent beings 
exist, some of them very probably 
superior to us culturally and some of 
them suspecting, if not definitely know- 
ing of, our existence. On the premise 
that our cosmic superiors. will have 


Switch to 


ANTHRAFILT” 


the MODERN 
All-Purpose Filtering Medium 


Anthrafilt Offers Many 
Advantages Over Sand and Quartz 


@ DOUBLES length of filter runs. 
@ REQUIRES only half as much wash water. 
@ KEEPS Filters in service over longer periods. 


@ INCREASES Filter output with better quality 
effluent. 


@ GIVES better support to synthetic resins. 


@ PROVIDES better removal of fibrous materials, 
bacteria, micro-organic matter, taste, odor, 
etc. 


@ IDEAL for industrial acid and alkaline solutions. 
@ EFFECTIVE filtration from entire bed. 
@ LESS coating, caking or balling with mud, lime, 
iron, or manganese. 

Write for further information, 

test ples and quotations to: 
PALMER FILTER EQUIPMENT CO. 
P.O. Box 1696—822 E. 8th St., Erie, Pa. 

Representing: 

ANTHRACITE EQUIPMENT CORP. 
Anthracite Institute Bidg., Witkes-Barre, Pa. 
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Installation: armco water Pipe 


Shutdown Time: Minimum 


A highway project required relocation of an existing water line in Ambridge, 
Pennsylvania. Because it can be installed easily and quickly, Armco Welded 
Steel Pipe was specified for the job. The line was laid in place from the center 
out, and the two end connections were installed last. By this method, water 
was shut off only a short time. (Incidentally, difficult trenching in the sandy 
soil necessitated the trench being twice as wide as usual.) 
Armco Welded Steel Pipe can solve your water line problems, too. Write us 
for information about your particular requirements. Armco Drainage & Metal 


Products, Inc., 4720 Curtis Street, Middletown, Ohio. =" 


-ARMCO DRAINAGE & METAL PRODUCTS 


Subsidiary of ARMCO STEEL CORPORATION 


OTHER SUBSIDIARIES mp! Divisions: Armco Division ¢ Sheffield Division 


The National aoe S ompany * The Armco International Corporation 
Union Wire Rope Corporation 
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better means of communicating with 
us than we with them, astronomers are 
even keeping an ear to the sky, lis- 
tening for intelligible signals from 
space. Just what those signals will be 
or say is a subject for fascinating 
speculation, as is the whole concept of 
cosmic company. But what brings us 
back to Earth happily is the conviction 
that to sustain life, planets must be 
watered. 


Albright & Friel, Inc., consulting 
engineers of Philadelphia, announces 
the appointment to its staff of Lawson 
LD. Matter, who retired as chief engi- 
neer of the Water Supply Section, 
Pennsylvania Health Dept. (Aug. P&R 
p. 48). Matter, who will be the firm’s 
Harrisburg, Pa., representative, is cur- 
rently AWWA director from the Penn- 
sylvania Section. 


Louis R. Howson has been name 
Chicago Civil Engineer of the Year b 
the Illinois Section of ASCE. He wa 
cited for “excellence in his profession, 
leadership in the society, and for his 
humanities.” Senior partner of Al 
vord, Burdick & Howson, Chicago con 
sulting firm, Howson is a registered en 
gineer in 30 states. He has been 
chairman of the AWWA Water Works 
Practice Committee since 1947. 


Murray B. McPherson, former! 
chief of the Philadelphia Water Dept 
Research & Development Unit, has 
been appointed professor of hydraulic 
engineering at the University of IlIli- 
nois, Urbana. The university also an 
nounced the appointment of Anthony 
F. Gaudy Jr. as assistant professor o 
sanitary engineering. 
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FOR SLAB FLOOR HOMES 


FOR BASEMENT HOMES = 


SNOW STAYS OFF 


“METERMINDER”’ water meter box 


“METERMINDER™ is designed so thet water meters can be read and serviced from the outside. In slab 

r, b homes, ii is made through the wall just at the top of the foundation and can 
be done on old as well as new services. In homes with basements, installation is made through foundation 
with top of box at grade level. Normal heat loss through basement foundation or wall provides frost-free 
zone to keep meter and yoke from freezing. Fiberglas insulation is used to retard heat-loss. The cover of 
“METERMINDER” is made of durable, neutral gray, resin-rubber compound. This non-metallic material 
will never rust, rot or require painting. Meter is read through a plexiglass window. “METERMINDER" will 
effect tremendous savings in meter-reading time and promote goodwill. Eliminates call-backs and customer 
reading cards. Servicing labor is greatly reduced. “METERMINDER" is the solution to your great need for 
outside meter installati Our repr tative will furnish specifications and prices. Just write or phone us. 
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ERP At Work 


This quiet scene should not mislead. Electro Rust-Proofing 
is hard at work. There’s no hustle or bustle . . . just dependable, 
continuous cathodic protection. 

Underneath this water an ERP-engineered protection system 
fights rust—fights maintenance costs. The battle was joined before 
installation. ERP Engineers surveyed the plant . . . designed and 
installed a system that gives maximum protection at lowest cost. 
And now ERP Service follows up. Continuous protection is assured 
. -- Maintenance costs are the lowest ever. 

If you want to stop trouble before it starts, if you want to pro- 
tect your investment in steel structures—quietly, efficiently, eco- 
nomically—use Electro Rust-Proofing Systems. ERP is preventive 
maintenance at work. 

We'll be glad to send more information. Write Dept. E-51.05 


ELECTRO RUST-PROOFING CORP. 


A SUBSIDIARY OF WALLACE @ TIERNAN INC. 


CABLE: ELECTRO. NEWARK. N. J. 


CATHODIC PROTECTION 
30 MAIN STREET. BELLEVILLE 9. NEW JERSEY 
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7 Getting down to work was the word 
from Sunnyvale, Calif., and Knoxville. 
Tenn., last month: 

At Sunnyvale the story was one of a 
machine that casts concrete pipe di- 
rectly in the trench at substantial sav- 
ings in costs. The machine, developed 
by No-Joint Concrete Pipe Co. of 
Yuba City, Calif., is essentially a 
round-bottomed boat, which is lowered 
into a trench dug to conform to the 
outside diameter of the pipe. Ready- 
mixed concrete is poured into a hopper 
as the machine moves forward in the 
trench extruding the formed pipe in 
its wake. Sectional aluminum forms, 
removed for reuse after the initial set 
of the concrete, support the upper half 
of the pipe. Unfortunately the pipe is 
suggested only for sewer work at the 
present time, but consider the possibili- 


ties of such down-to-earth techniques 
in water work. 

And consider them is apparently 
what a repair crew from the Knoxville 
Utilities Board did, when an emer- 
gency call to repair a main break was 
received. Not only did the truck pull 
up at the scene of the trouble, it took 
its gear right down to the site, as it 
sank in 4 ft of asphalt, water, and 
mud. Unfortunately a round-bottomed 
boat or a hopper would have been bet- 
ter. Certainly it was no joint for a 
truck, the extrusion of which involved 
no savings in costs at all. No wake 
Was necessary, however. 


Parsons, Brinckerhoff, Quade & 
Douglas is the new name of the New 
York City engineering firm formerly 
known as Parsons, Brinckerhoff, Hall 
& Macdonald. 


(Continued on page 54 P&R) 


KLETT SUMMERSON 


ELECTRIC PHOTOMETER 


Adaptable for Use in Water 


Analysis 


Can be used for any de- 
termination in which color 
or turbidity can be devel- 
oped in proportion to sub- 
stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 
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M-Scope “Master” Electronic Witch 


Leak Survey Instrument and Pipe Locator 


The transistorized "MASTER" Leak Detector—Pipe Finder Combination is the first dual 
purpose instrument with separate and independent leak detector and pipe finder 
circuits. Now you can have two instruments in one without any compromise in per- 
formance. The ‘“MASTER" Leak Detector—Pipe Finder incorporates the very latest 
advances in electronic construction and circuitry in addition to having an exception- 
ally long battery life. An ideal instrument for any Water Department. 


under pavement at the valve dead ends 


Write for information, demonstration or trial. 


Finding a leak Locating a leak en of 


Place your next order with POLLARD 


POLLARD NEW HYDE PARK * NEW YORK 
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Dolson Hartung 


- Frank E. Dolson, vice-president in 


charge of distribution, St. Louis County 
Water Co., has been elected president 
and director of the utility, succeeding 
the late W. Victor Weir. The position 
also includes the presidency of the 
Missouri Water Co., Independence. 

The company’s board of directors 
also elected Herbert O. Hartung, vice- 
president and manager of production, 
to the newly created position of execu- 
tive vice-president. 

A member of the Association since 
1945, Dolson received the Fuller Award 
in 1956. Hartung, a member of 
AWWA since 1938, served as director 
from the Missouri Section in 1955-58. 
He received the Fuller Award in 1954 
and the Goodell Prize in 1958. 


David S. Thomas has retired as dis- 
trict engineer, Board of Fire Under- 
writers of the Pacific, after 40 years 
of service with the agency. Having 


joined AWWA in 1927, he is a Life 
Member and a recipient of the Fuller 
Award (1944). He is currently the 
director from the Montana Section. 


Philip F. Walsh has been elected 
to the new post of executive vice- 
president of Southern California Wa- 

r Co., where he was vice-president 

charge of operations for the past 4 


Employment 
Information 


Classified ads will be accepted only for ‘Positions 
Available” or ‘Position Wanted.” Rate: $1.50 per 
line (minimum $5.00), payable before publication. 
Deadline for ad copy: first of month prior to month 
of publication desired. To place ad, obtain ‘Classified 
Ad Authorization Form’ from: Classified Ad Dept., 
Journal American Water Works Assn., 2 Park Ave., 
New York 16, N.Y. 


Positions Available 


WATER UTILITY MANAGER 
Exceptional opportunity for man with experience in 
water utility operation. College degree and admin- 
istrative ability essential. Will be responsible for all 
operations in his district, reporting to Vice-President. 
Location Chicago area. Send complete resume to Box 
9121A, Journal American Water Works Assn., 2 Park 
Ave., New York 16, N.Y. 
ENGINEERS AND DRAFTSMEN experienced 
in water supply, water distribution, sewerage or sew- 
age treatment plant design. Salary commensurate with 
ability. Paid vacations, holidays, hospitalization. Ad- 
dress reply with resume to: O’Brien & Gere, Consult- 
ing Engineers, 400 East Genesee Street, Syracuse 2, 
New York. 


P. O. Box 307 


Filter Sand and Gravel 


Well Washed and Carefully Graded to Any Specification. 
Prompt Shipment in Bulk or in Bags of 100 lb. Each 


Inquiries Solicited 


NORTHERN GRAVEL COMPANY 


Muscatine, lowa 
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HOW WOULD YOU VOTE? 


The growth of American industry and agriculture, the rise in 
standard of living, war-caused shortages of materials, the high cost 
of economic inflation, all have combined with public indifference to 
create a 30-year-period of delay in water works improvements... 
a situation now serious, and which could become tragic. 

Since most water works now are public utilities, they are also a 
public responsibility. Capable men are employed to manage them, 
but the public must finance thém. A water works utility econom- 
ically may be and usually is a non-profit organ- 
ization. But like other business operations, it 
encounters problems of plant maintenance and 
depreciation and demands for increased service or 
production. If low water rates have prevented 
accumulation of financial reserves now needed for 
improvements, the answer probably is a revenue 
bond issue. 

If such a bond issue election were to be held in 
your town today, how would the public vote? The 
fate of America’s sorely needed water works im- 
provements rests with the public. 


This Series is an attempt to put into words some appreciation of the 
water works men of the United States. 


M:H VALVE 


AND FITTINGS COMPANY 


ANN T N 
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Professional 


ALBRIGHT & FRIEL, INC. 
Consulting Engineers 


Water, Sewage, Industrial Wastes and Incineration 
Problems 
City Planning, Highways, Bridges and Airports 
Dams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 


Three Penn Center Plaza Philadelphia 2, Pa. 


BLACK AND ASSOCIATES, INC. 
BLACK LABORATORIES, INC. 


Engineers and Chemists 


Water, Sewerage, Hydrology, Waste Treatment 
Complete Laboratory Services 


700 S. EB. 3rd St. Gainesville, Fla. 


ALVORD, BURDICK & 
HOWSON 
Engineers 
Water Works, Water Purification, Flood 
Relief, Sewage Disposal 
Drainage, Appraisals, Power 
Generation 


20 North Wacker Drive Chicago 6 


CLINTON BOGERT ENGINEERS 


Consultants 
CurnTon L. Boaert Ivan L. Bocert 
Donatp M. Dirmars Rosert A. Lincotn 
Cuaries A. MANGANARO WILLIAM MARTIN 
Water & Sewage Works 
Drainage Flood Control 
Highways and Bridges Airfields 


145 Bast 32nd Street, New York 16, N. Y. 


Incinerators 


AWWA STANDARDS 


for Water Works Materials 


Compiled, approved and published by 
your Association to meet your needs. 


Send for list of publications. 


American Water Works Association, Inc. 
2 Park Avenue New York 16, N.Y. 


Bowe, Albertson & Associates 


Engineers 


Water and Sewage Works 
Industrial Wastes 
Refuse Disposal 
Valuations 
Laboratory Service 


75 West Street 1000 Farmington Ave. 
New York 6, N.Y. West Hartford 7, Conn. 


AYRES, LEWIS, NORRIS & MAY 


Consulting Engineers 
Louis E. Arres Rosert Norris 
Georce E. Lewis Donatp C. May 
Stuart B. Maynarp Homer J. Haywarp 


Waterworks, Sewerage, Electric Power 


500 Wolverine Building, Ann Arbor, Michigan 


Brockway, Weber & Brockway 


Engineers, Incorporated 
George S. Brockway Roy E. Weber 
George R. 
ta 


H. L. Fitzgerald 
Robert E. Owen 
Thomas A. Clark 


Charles A. Anderson 
Ben E. Whittington 
Ernest L. Greene 
Thomas R. Demery 
Civil, Structural, Sanitary, 
Municipal, Electrical, Land ning 
West Palm Beach, Florida Ft. Pierce, Florida 


BLACK & VEATCH 


Consulting Engineers 
1500 Meadow Lake Parkway, 
Kansas City 14, Missouri 
Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 

Sewage Disposal, Gas, Valuations, Special 

Investigations and Reports 


BROWN AND CALDWELL 
Civil and Chemical Engineers 
Water—Sewage—Industrial Waste 
Consultation— Design—Operation 

Chemical and Bacteriological Laboratories 


66 Mint Street San Francisco 3 
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BUCK, SEIFERT AND JOST 
Consulting Engineers 
Water Suppty—Sewace Disposat— 
Hypravutic DeveLopMENTS 


Reports, Investigations, Valuations, Rates, 
Design, Construction, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 E. 19th St., New York 3, N. Y. 


BURGESS & NIPLE 


Consulting Engineers 
(Established 1908 
Water Supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Laboratory Municipal engineering 
Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and [ndustrial Waste Treatment 
Power Plants—Incineration—Gas Systems 
Valuations—Rates— Management 
Laboratory—City Planning 


601 Suismon Street 
Pittsburgh 12, Penna. 


BURNS & McDONNELL 


Engineers—Architects—Consultants 


4600 E. 63rd St. Trafficway 
Kansas City 41, Missouri 


JAMES M. CAIRD 
Established 1898 
C. E. Currron, H 
Chemist and Bacteriologist 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 


A. BENNETT 


Cannon Bidg. Troy, N. Y. 


CHAS. W. COLE & SON 


Engineers and Architects 


3600 E. Jefferson Bivd. 
South Bend, Indiana 


CONSOER, TOWNSEND 
& ASSOCIATES 


Consulting Engineers 


2112 W. Jefferson St. 
Joliet, Illinois 


Sewage treatment, sewers, storm drainage, flood 
control — Water supply and treatment — High- 
way and bridges—Airports— Urban renewal — 
Electric and gas transmisson lines Rate 
studies, surveys and valuations Industrial 
and institutional buildings. 


360 East Grand Avenue Chicago 11, Illinois 


CAMP, DRESSER & McKEE 


Consulting Engineers 
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& 
Investigations, Reports, Design 
Supervision, Research, Development 


6 Beacon St. Boston 8, Mass. 


Water Works, Water Treatment 
Sewerage and Wastes Disposal, 
Flood Control 


CAPITOL ENGINEERING CORP. 


Consulting Engineers 
WATER WORKS—SEWAGE DISPOSAL— 
AIRPORTS — DAMS BRIDGES— ROADS 
AND STREETS 
Investigations, Reports, Appraisals, Rates, 
Survey and Design, Construction Supervision 


Dillsburg, Pa. 
Rochester, N. Y. Washington, D.C. 


DAY & ZIMMERMANN, INC. 
Consulting Engineers 


Valuations 
Feasibility Studies & Reports 
Rate Cases & Financial Studies 
Supervisory Consulting Service 


1700 Sansom St. Philadelphia 3, Pa. 


Fay, Spofford & Thorndike, Inc. 


Engineers 
Water Supply and Distribution — Drainage 
Sewerage and Sewage Treatment—lIncinerators 
Airports Bridges Express Highways 


Reports Valuations 


Investigations 
i Supervision of Construction 


Designs 


11 Beacon St., Boston 8, Massachusetts 
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Consulting Engineers 


Water Supply, Water Treatment, 
Sewerage, Sewage Treatment, 
Bridges, Highways & Expressways 


2130 Madison Avenue Toledo 2, Ohio 


FINKBEINER, PETTIS & STROUT | GREELEY AND HANSEN 


Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Refuse Disposal 


14 E. Jackson Blvd., Chicago 4 


FREESE, NICHOLS & ENDRESS 


Consulting Engineers 


407 Danciger Building 
Fort Worth, Texas 


FROMHERZ ENGINEERS 


Structural— Civil— Municipal 
Four Generations Since 1867 
Water Supply ; Sewerage ; Structures ; 
Drainage ; Foundations 
Highways & Streets 
Investigations; Reports; Plans and 
Specifications ; Supervision 


New Orleans 


— 


GROUND WATER ASSOCIATES 


Consulting Hydrologists and Engineers 


Investigations, Reports and Recommendations 
on Underground Water Supplies. Preparation 
of Plans and Specifications. 


Box 480 JEfferson 6-0494 


Norman, Oklahoma 


WILLIAM F. GUYTON 
& ASSOCIATES 
Consulting Ground-Water Hydrologists 


Underground Water Supplies 
Investigations, Reports, Advice 
307 W. 12th St. 


Austin 1, Texas 
Phone: GR-7-7165 


GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 
Engineers 


Water Works—Sewe' 
Industrial Wastes—Cart 


Disposal 
Roads-—Airports—Bridges— Yontrol 


Town Planning—Appraisals 
Investigations & Reports 


Harrisburg, Pa. Philadelphia, Pa. 
Pittsburgh, Pa. Daytona Beach, Fla. 


GET YOUR COPY NOW! 


A list of AWWA books, manuals, standards, 
and other publications may be had for the 
asking. Is your library complete? 


American Water Works Association, Inc. 
2 Park Avenue New York 16, N.Y. 
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HASKINS, RIDDLE & 
SHARP 


Consulting Engineers 
Water—Sewage & Industrial Wastes— 
Hydraulics 
Reports, Design, Supervision of Construction 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Avenue Kansas City 5, Mo. 


HAVENS & EMERSON 


4. A. BurGer H. H. Mose.ey 
J. W. Avery 8. Patocsay 
E. 8. Onpway G. H. ABPLANALP 
A. M. Mock 8. H. Surron 

F. C. Consultant 


Consulting Engineers 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations— Laboratories 
Woolworth Bidg. 
NEW YORK 
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HAZEN AND SAWYER 


Engineers 


Richard Hazen Alfred W. Sawyer 
H. E. Hudson, Jr. » 


Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


360 Lexington Ave. New York 17, N.Y. 


THE JENNINGS-LAWRENCE CO. 
Civil & Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reports— Design—Construction 


1392 King Avenue Columbus 12, Ohio 


ANGUS D. HENDERSON 


Consulting Engineers 
Anous D. HENDERSON Tuomas J. Casey 


Water Supply and Sanitation 


Westbury, New York 
Bayside, New York 


330 Winthrop St. 
210 07—29th Ave. 


JONES, HENRY & 
WILLIAMS 


Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


2000 West Central Avenue Toledo 6, Ohio 


H. G. Holzmacher & Associates 
Consulting Engineers 
H. G. Houzmac HER 
R. G. Hotzmacuer 8S. C. McLenpon 
Municipal Engineering 
Water Supply & Treatment 
Sewerage & Treatment 


Water Analysis Laboratory ° 


66 W. Marie Street, Hicksville, L. I., New York 


HARRY J. KEELING 


Consulting Engineer 
Electrical— Mechanical—Corrosion 


Investigations—Reports— Advisory Service 
Mobile radio communication systems ; 
Special mechanical design problems ; 
Soil corrosion, Electrolysis, 
Cathodic protection 
of buried or submerged metal surfaces. 


1780 S. Robertson Blvd. Los Angeles 35, Calif, 


HORNER & SHIFRIN 


Consulting Engineers 


E. E. Bloss V. C. Lischer 


Airports, Sewerage & Drainage, Hydrology, 

Sewage & Industrial Waste Treatment, 

Water Supply & Treatment, Paving, Struc- 
tures, Industry Engineering Services 


1221 Locust Street St. Louis 3, Mo. 


KENNEDY ENGINEERS 


Ricuarp R. Kennepy Rosert M. Kennepy 


Investigation — Design 
Water Supply Water Purification 
Sewage and Waste Treatment 
Water Reclamation 


604 Mission St., San Francisco 5 
Tacoma Los Angeles Salt Lake City 


ROBERT W. HUNT CO. 


Inspection Engineers 
(Established 1888) 
Inspection and Test at Point 


of Origin of Pumps, Tanks, 
Conduit, Pipe and Accessories 


810 S. Clinton St. 
Chicagy 7, Ill. 
and Principal Mfg. Centers 


DEAN S. 


Engineer 


Water Works 
Sewerage & Treatment 


153 University Avenue 
Palo Alto, California 
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MORRIS KNOWLES INC. 
Engineers 


Water Supply and Purification, 

Sewerage and Sewage Disposal, 

Industrial Wastes, Valuations, 
Laboratory, City Planning 


Park Building Pittsburgh 22, Pa. 


KOEBIG & KOEBIG 
Consulting Engineers Since 1910 


Investigations, Reports, Designs 
Water Supply & Water Treatment 
Sewerage & Sewage Treatment 
Municipal Engineering 


3242 W. Eighth St. Los Angeles 5, Calif. 


R. E. LAYTON & ASSOCIATES 


Consulting Engineers 


Water Supply—Water Purification & 
Jistribution 
Waste Water Disposal 
Water Power—Hydraulic Structures 
Small Craft Harbors 
Investigations— Reports— Design 
Construction Plans & Specifications 


655 West Avenue 135th 
San Leandro, California 


METCALF & EDDY 
Engineers 


Water, Sewage, Drainage, Refuse 
and Industrial Wastes Problems 
Airports Valuations 


Laboratory 


V ol. 52, No. 


Statler Building 
Boston 16 
Consulting Engineer 
Water Supply—Water Purification 
Sewerage—Sewage and Waste Treatment 
Flood Control— Drainage 
Valuations—Rates 
Investigations— Design-—Operation 


535 B. Walnut St. Pasadena, Calif. 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 


Sewage Treatment—Water Supply 


Incineration— Drainage 
Industrial Waste Treatment 
Appraisals 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


LEGGETTE, BRASHEARS 
& GRAHAM 
Consulting Ground Water Geologists 


Salt Water Problems 
Investigations 
Reports 

New York 17, N. Y. 


Water Supply 
Dewatering 
Recharging 


551 Fifth Avenue 


Look to the Journal 
Advertising Pages 
for guidance when you require professional serv- 


ices or water works products. A ‘‘Buyers’ 
Guide" appears in the final pages of this issue. 


American Water Works Association, Inc. 
2 Park Avenue New York 16, N. Y. 


PARSONS, BRINCKERHOFF, 
QUADE & DOUGLAS 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structures Power — Transportation 


165 Broadway New York 6, N.Y. 


MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 


Matcotm PrrNie Ernest W. WuitLock 
Rosert D. A. ARENANDER 
JR. 


Investigations, Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Rates 


25 W. 43rd Se. New York 36, N. Y. 
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THE PITOMETER 
ASSOCIATES, INC. 


Engineers 


New York 


Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Water Measurement & Special 
Hydraulic Investigations 


50 Church Street 


+ 


RIPPLE & HOWE, INC. 


Consulting Engineers 
V. A. VaSEEN B. V. Hows 
Appraisals— Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs, and Dams, Sanitary and 
Storm Sewers, Sewage Treatme ent Plants, 
Refuse Disposal, Airports 


833—23rd St., Denver 5, Colo. 


Professional Cards in the 
1960 AWWA 
MEMBERSHIP DIRECTORY 


4 must for water supply consultants 


Reserve your space now 


American Water Works Association, Inc. 
2 Park Avenue New York 16, N.Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal ; Industrial Wastes; Investigations 
& Reports; Design ; Supervision o} 
onstruction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


ROBERT AND COMPANY 
ASSOCIATES 
Engineering Division 
Power Plants Water Sewage Plants 

Airports Industrial Plants 


Docks and Terminal Facilities 
Reports Investigations 


96 Poplar Street, Atlanta, Georgia 


RUSSELL & AXON 


Consulting Engineers 
Civil—Sanitary—Structural 
Industrial—Electrical 
Rate Investigations 


408 Olive St., St. Louis 2, Mo. 
Municipal Airport, Daytona Beach, Fla. 


RADER AND ASSOCIATES 
Engineers and Architects 
Water Supply, Treatment and Distribution 
Sewers and Sewage Treatment 
Investigations, Reports, Plans 
Supervision of Construction and Operations 
Aerial Photography, Photogrammetry 


The First National Bank Building, Miami 32, 


1025 Connecticut Ave. N. W. 
Washington 6, D. C. 


THOMAS M, RIDDICK 
& ASSOCIATES 
Consulting Engineers and Chemists 


ae and Industrial Water Purification, 
8 ae Treatment, Plant Supervision, 
dustrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


369 EB. 149th St. New York 55, N.Y. 
MOtt Haven 5-2424 


J. HOMER SANFORD 


Consulting Engineer—Hydrologist 
39 Years of Groundwater Investigation 
Groundwater Development, Recharge, 
Dewatering and Salt Intrusion 
Analysis of Available Supply and Safe Yield 
Litigation Reports and Testimony 


1143 EB. Jersey Street Elizabeth 4, N. J. 


SERVIS, VAN DOREN & HAZARD 


Engineers—Architects 


INVESTIGATIONS - Design - SUPERVISION OF 
ConsTRUCTION - APPRAISALS 
- Sewage - Streets - Expressways - High- 
ways - Bridges - Foundations - Airports - Flood 
Control - Drainage - Aerial Surveys - Site Plan- 
ning - Urban Subdivisions - Industrial Facilities 
Electrical - Mechanical 


2910 Topeka Blvd. 


Water 


Topeka, Kansas 
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J. E. SIRRINE COMPANY R. KENNETH WEEKS 


Engineers ENGINEERS 
Since 1902 Designers ° Consultants 
GREENVILLE, SOUTH CAROLINA 


Design, Reports, Consultations 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Investigations and Reports 


Water Supply and Treatment Supervision of Construction a 
Sewage and Industrial Waste Treatment Besects and Highways 
Stream Pollution Surveys 


6165 E. Sewells Point Road, Norfolk 13, Va. 


» 

SMITH AND GILLESPIE ROY F. WESTON, INC. 

Consulting Engineers Engineers—Biologists—Chemists 
Water -Sewage—lIndustrial Wastes 
MUNICIPAL UTILITIES Stream pollution —<Air pollution 
AND PUBLIC WORKS Surveys — Research — Development — Process 
Enginvering Plans and Specitications— 
Complete Engineering Services Operation Supervision — Analyses — 


Evaluations and Reports 


JACKSONVILLE, FLORIDA 


Newtown Square, Pa. 


STANLEY ENGINEERING | WESTON & SAMPSON ¥ 
COMPANY Consulting Engineers 


Consulting Engineers Water Supply and Purification; Sewerage, 
Sewage and Industrial Wastes Treatment 
Hershey Building 208 S. LaSalle St. Reports, Designs, Supervision of Construction 
Muscatine, Ia. Chicago 4, Ill. and Operation; Valuations 
Chemical and Bacteriological Analyses > 


1154 Hanna Building 
Cleveland 15, Ohio 14 Beacon Street Boston 8, Mass. 


ALDEN E. STILSON & ASSOCIATES | WHITMAN & HOWARD 


(Limited) Engineers 
Consulting Engineers (Est. 1869) 
Water Supply—Sewerage— Waste Disposal Investigations, Designs, Estimates, 
Bridges —Highways—Industrial Buildings Reports, Supervision, Valuations, 
Studies—Surveys— Reports etc., in all Water Works and Sewerage 
Problems 
245 N. High Se. 75 Public Square 


Columbus, Ohio Cleveland 13, Ohio 89 Broad St. Boston, Mass. : 


WATER SERVICE WHITMAN, REQUARDT 
LABORATORIES, INC. & ASSOCIATES 


7 Chemical Engineers Engineers Consultants 
: Specialists in Water Treatment Civil—Sanitary—Structural 
Consulting and Technical Services Mechanical—Electrical 
Reports, Plans 
7 Main Office: 615 W. 131 St., N. Y. 27, N. ¥. Supervision, Appraisals 


Offices also in: Phila., Wash., & Richmond 1304 St. Paul St. Baltimore 2, Md. 


STEPHEN WATKINS HAM & BLAIR 
Watkins G. R. Watkins 


Consulting Engineers Engineers 
Municipal and Industrial Engineering, Water Investigation and Design 


Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 
Se 


Investigations and Rate Structures. Ai Municinel Work 4 City Pl 
irports, unic! rks an ity anning 
446 East High Street Lexington, Kentucky 


a! 111 Rollins Road 800 W. Colorado Blvd. a 
reston Highway, Louisville 13, Kentucky . 
107 Hale Street, Charleston, W. Va. Millbrae, California _ Los Angeles 41, Calif. E., 
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MORE THAN 2,000 
PRESTRESSED | 
CONCRETE 

WATER 

TANKS IN 

SERVICE 


In the devel of residential and in- 
dustrial waliey: supply facilities today, no 
other type of tank offers so many advan- 
tages as does the Prestressed Concrete 
Tank. Modern in engineering and design, 
proven in service, lowest in cost... pre- 
stressed concrete should be considered in 
any tank pianning 4 


Check these advantages: 


Minimum meintenance 

Satisfied owners 

® 75% of construction cost spent 
locally 


Lowest overall cost 


ss Longest service life of any tank 
— 


Send for Bulletin T-22 


THE PRELOAD COMPANY, INC. 
211 Bast 37th Street 
Masot mane New York 16, New York 


PRELOAD CONCRETE HERRICK IRON WORKS 
STRUCTURES INC. 28400 Clawiter Road 

837 Old Country Road Hayward, California 
Westbury, Long Island, New York Phone: Lucerne 1-4451 
Phone: EDgewood 3-4040 

THE PRELOAD 

COMPANY, INC. 

351 Jefferson 

Dallas, Texas 

Phone: WHitehall 1-5707 


THE CANADA GUNITE COMPANY, LTD. 
125 Hymus Blvd 
Pointe PQ nade 


2,000,000 gallon tank, 
Tyler, Texas 
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CONDENSATION 


Vol. 52, No. 2 


Key: In the reference to the publication in which the 
abstracted article appears, 39:473 (May ’°47) indicates 
volume 39, page 473, issue dated May 1947. 


If the pub- 


lication is paged by the issue, 39:5:1 (May °47) indicates volume 39, number 5, page 1, issue 
dated May 1947. Abbreviations following an abstract indicate that it was taken, by permis- 
sion, from one of the following periodicals: BH—Bulletin of Hygiene (Great Britain) ; CA 
—Chemical Abstracts; Corr—Corrosion; I[M—Institute of Metals (Great Britain) ; PHEA 


—Public Health Engineering Abstracts; SI\W—Sewage and Industrial Wastes; WPA— 


Water Pollution Abstracts (Great Britain). 


LABORATORY METHODS 


Colorimetric Determination of Traces of 
Chloride in Water. W. Kemutra; A. Hvu- 
LANICKI; & A. JaNowski. Chem. Anal. 
(Warsaw), 3:581 (’58). Colorimetric 
method for detg. traces of chloride in water 
is described. Prepn. of a standard curve. 
To solns. contg. 0, 10, 20, 40, and 60 mg 
Cl add 10 ml! 0.02% diphenylcarbazone, 1 
ml gum arabic, 1 ml! 0.05N HNOs, 2 ml 
0.001N Hg(NOs)s, and fill with H:O to 
50 ml. Stir, leave for 20-30 min, and det. 
absorption on Lange’s photocolorimeter with 
l-cm cell and a green filter. Linear relation 
was found between absorption and concn. in 
range 0-60 mg Cl. Detn. of Cl in water. 
To soln. contg. 10-60 mg Cl add 10 ml of 


indicator (if yellow add NaOH until red) 
and 0.05N HNO; to yellow plus 1 ml. If 
soln. turns immediately red, add HNOs to 


yellow color plus 1 ml. Further procedure 
as above. Method was examd. by detg. Cl 
in water. Amts. of Cl” added, those of Cl 
detd., coeffs. of variability, error of detn. 
(caled. from 6 detns.) were: 10.0, 10.0, 9.00, 
—; 20, 19.0, 7.25, —5.00; 30, 30.5, 4.00, +1.7; 
40.0, 39.40, 3.75, —1.50; 50.0, 49.75, 2.30, 
—0.50; 60 mg, 59.80 mg, 1.66, —0.33%. 
Meg**, Ca*t, Al*** in concns. about 
0.1 and Pb 0.003% did not affect the detn. 
Fe*** in conens. above 0.0004 and Cu in 
conens. of the order of 0.00001% affected the 
detn. At conens. below 0.001% the effect 
of Cu** can be eliminated by use of tri- 
ethanolamine.—C A 


Applications of Colorimetric Micro-Deter- 
mination of Phosphorus in Water Treated 
With Polymetaphosphates. G. BENEDEN. 
Bul. Centre Belge Et. Documentation Eaux 
(Liege), 35:33 (’57). Author describes a 
spectrophotometric method for controlling 
addns. or detg. concns. of phosphates in wa- 
ter by using ammonium molybdate. Detn. 
is carried out in an acid medium using so- 


dium sulfite as a reducing agent and a trace 
of hydroquinone to catalaze reaction. A 
graph shows relation between percentage 
absorption of color and concn. of phosphorus 
in mg. Several applications of this method 
are described —WPA 


Applications of Opacimetric Micro-Deter- 
mination of Phosphorus to Water Treated 
With Polymetaphosphates. G. BENEDEN. 
Bul. Centre Belge Et. Documentation Eaux 
(Liege), 38:254 (57). In the first part of 
this work (see above) method described for 
colorimetric detn. of phosphorus in water 
treated with polymetaphosphates was subject 
to interference by silica. A new method 
was therefore developed, based on reaction 
of phosphorus, in form of orthophosphate or 
phosphoric acid, with certain alkaloids, such 
as strychnine, and salts of molybdenum to 
form insoluble complexes in which quantity 
of alkaloid combined is proportional to quan- 
tity of phosphorus present. Silica dees not 
interfere in reaction; and opalescence pro- 
duced is proportional to quantity of phos- 
phorus, following the Beer-Lambert law over 
a certain range of concn., and can be easily 
measured by means of a spectrophotometer or 
absorptionmeter. Prepn. of reagents and sam- 
ples and procedure for detn. are described; 
and examples are given of application of 
method to assess the concn. of active con- 
stituent in a commercial polymetaphosphate 
and to det. phosphorus in waters treated with 
phosphates. Method is 10 times more sensi- 
tive than usual phosphomolybdate method, 
being sensitive to lug phosphorus. It could 
be used to investigate fate of hexametaphos- 
phates added to water and changes in phos- 
phorus in plankton and sludges. Concn. of 
water is not necessary for contents of hexa- 
metaphosphate of order of 1 mg/l—WPA 


Determination of Calcium With Erio- 
chrome Red B as Indicator. L. JANKovits 
& L. Erpey. Hung. Acta Chim., 15:163 


(Continued on page 66 P&R) 
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available for 6’to14’mains,too! 


THE CENTRILINE MACHINE 


Yes, your city’s small but impor- 
tant transmission and distribution 
lines can also regain their orig- 
inal flow capacity and pressure 
through the universally accepted 
Centriline Process of centrifu- 
gally applying a cement-mortar 
coating to the pipe walls. If some 
of your lines inadequately serve 
your customers’ requirements, 
including higher demands for fire 
protection, investigate the numer- 
ous advantages of Centrilining 
your mains now. 


designed for 
small diameters 


NOW! THE CENTRILINE PROCESS 


The new, small diameter Centri- 
line Machine eliminates most ex- 
cavations at valves, laterals and 
corporation cocks. By eliminat- 
ing these fixed costs, lengthening 
the distances between access 
openings and permitting faster 
lining speeds, the new Centriline 
Machine has really reduced the 
cost of lining small mains. So 
much so, in fact, that every water 
works operator should reevalu- 
ate the economics of small pipe 
rehabilitation. 


Send today for your copy of our illustrated booklet which fully describes 
how Centriline can help you salvage worn out pipes from 6” to 144” in 
- diameter permanently and for much less than you would imagine. 


CENTRILINE CORPORATION 


A Subsidiary of Raymond International Inc 


140 Cedar Street 

- New York 6, N. Y. 
WoOrth 2-1429 


Branch Offices in Principal ~ 


Cities of the United States, 
Canada and Latin America. 
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(Continued from page 64 P&R) 


Analyt. Abstr., 5:3631 ('58). A 
method is described for complexometric detn. 
of calcium in soln. Sample is buffered at 
pH 9-10, and is then titrated using a 0.06% 
aqueous soln, of Eriochrome Red B as indi- 
cator. Endpoint is shown by a change in 
color from yellow to red. Interference is 
caused by barium, strontium, magnesium, 
iron, cobalt, nickel, chromium, aluminium, 
zinc, copper, lead, cadmium, manganese, and 
bismuth—_W PA 


Simultaneous Spectrophotometric Micro- 
Determination of Calcium and Magnesium 
With Eriochrome Black T and EDTA. 
V. Menon & M. Das. Analyst, 83 :434 (58). 
A method is described for individual detn. 
of magnesium and calcium without their pre- 
liminary sepn.; it is based on differences in 
stabilities of complexes of metals with Erio- 
chrome Black T and with EDTA at same 
pH value. Method involves measurement of 
absorption at 650 my first of a sample to 
which has been added buffer soln. and a soln. 


of Eriochrome Black T, and secondly of a 
similar sample to which have been added same 
quantities of buffer and dye soln. and a soln. 
of magnesium EDTA. Absorption of corre- 
sponding blank solns. is also measured. Mag- 
nesium and calcium concns. in sample can 
then be calcd. from formulas. Results of 
analyses of synthetic mixtures of calcium and 
magnesium showed that method has an error 
of less than +10% of individual detns. when 
concn. of either element, in terms of mag- 
nesium, lies between 8 and 36 ug per 50 ml 
of soln. Method cannot be used in presence 
of cations which form more stable complexes 
with EDTA than does magnesium; such ca- 
tions must therefore be removed or sup- 
pressed by auxiliary complexing agents.— 
WPA 


The Determination of Calcium in Natural 
Waters. J. H. Carpenter. Limnol. & 
Oceanogr., 2:271 (’57). Rapid and accurate 
procedure for detn. of calcium in natural 


waters involves photometric weight titration 


(Continued on page 68 P&R) 


PILOT FIELD LATHES save money by machining asbestos- 
cement pipe right on the job! 
Make factory-like ends on any length when and where you need 
them. No waiting — no delays. 
Power or manually operated. All sizes from 4” thru 20”. 
Write for details and name of nearest distributor. 


Distributor inquiries invited 


PILOT MANUFACTURING COMPANY 


P.O. BOX 2127, TORRANCE, CALIFORNIA 
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In Darling Hydrants 


TROUBLE 
CANT 


VER SINCE modern fire hydrants were invented, 
designers have aimed, with more or less success, 
at positive, complete water drainage to prevent 
freeze-ups, corrosion and binding. And this is another 
successful feature of major importance in the design of 
Darling hydrants. Consider... 
1 An unmatched safety factor is assured by automatically 
operated, compression type drain valves and unique triple- 
porting in the main valve seat! 
to escape into the ground and eliminate all possibility of 


2. For an interval during each opening or closing of the main 
valve, the drain ports are automatically force-flushed by line 
pressure to remove any sediment. And, when the main valve 
is closed, these ports remain fully open to assure the release 
of all remaining water. 


3 the water drains from the barrel through 3 ports into the 


clogged drains. 


This and other equally important Darling design 
features are your assurance of the smoothest, surest, safest 
hydrant operation known today. For all details, includ- 
ing the —— of types and cians, ask for Bulletin 5710. 


DARLING VALVE & MANUFACTURING CO, 


<MarK> 


Williamsport 23, Pa. 


Manufactured in Canada by The Canada Valve & Hydrant Co., Lid., Brantford 7, Ont. 
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with EDTA in presence of ammonium pur- 
purate, after isolation of calcium by ion- 
exchange chromategraphy. Calcium is sep- 
arated from magnesium and strontium by 
using acetylacetone as a complexing elutant. 
Use of method to determine calcium in sea 
water showed that calcium concn. was greater 
than would be expected from accepted cal- 
cium-chlorinity ratio for sea water. Pre- 
viously calcium concen. has been detd. by 
triple oxalate method, in which it is neces- 
sary to make a correction for strontium, and 
recent work has shown that previously ac- 
cepted value for strontium content was too 
high, and therefore corrected calcium concn. 
was too low.—IlV PA 


Volumetric Determination of Phosphates 
and Metals in the Presence of Phosphates. 
IV. Complexometric Determination of 
Several Metals in the Presence of Phos- 
phate With Eriochrome Black T as Indi- 
cator. S. S. Danter Et AL. Lab. Pract. 
(Lond.), 7:15 (38). Procedure for detn 


LaMOTTE CONTROLS 


have served the Water Works En- 
gineer for more than 35 years. 


Have you sent for the latest booklet 
on this helpful LaMotte Service? 


For example — did you know that the 
LaMotte-Pomeroy Sulfide Testing 
Outfit determines accurately: 


« Total Sulfides + Dissolved Sul- 
fides » Hydrogen Sulfide in 
Sludges and Solutions « Free 
Hydrogen Sulfide in Air and 
Gases? « 


We will be happy to send full informa- 


tion on this and other LaMotte units 
used in the Water Works field. 


LaMOTTE CHEMICAL 
PRODUCTS COMPANY 


Dept. AWWA Chestertown, Md. 


- 


of metals in presence of phosphate involves 
use of a standard zinc soln. to titrate at pH 
10, using Eriochrome Black T as indicator 
excess of disodium EDTA added to meta 
phosphate soln. This method can be usec 
to det. zinc, cobalt, nickel, mercury, indium 
magnesium, and calcium. With last 2 metals, 
only a small excess of phosphate will be 
tolerated. Alkaline earth metals, however, 
can be detd. in presence of phosphate by 
sorption of metal ion on a cation-exchang« 
resin, washing resin until effluent is free of 
phosphate, and elution with dilute nitric or 
hydrochloric acid. Excess of eluting agent 
is removed by evapn. to dryness, followed by 
addn. of a known excess of EDTA and back 
titration with a standard magnesium solution 
at pH 10, using Eriochrome Black T as indi 
cator—WPA 


Determination of Copper in Sea Water, 
Silicate Rocks, and Biologic Materials. 
J. & P. SINHASENI. Analyst, 83:299 
(’58). During geochemical studies of inter- 
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You Can’t Afford 
PAINT DAMAGE 


1. It Costs Money 
2. Endangers Your Citizens 


Only National Tank Maintenance Corp. 


IST long lasting paints. National Tank 
poe “Special-Skill” crews .. . 


our own design paint roller . . . and special 
long lasting DRI-MIST paints reduce dam- 
age . . . cut cost. You and your com- 
munity benefit. 


Our Engineering Department will furnish 
an estimate on your water tenk without 
cost or obligation. Write, wire or tele- 
phone National Tank. 


NATIONAL TANK 
MAINTENANCE CORP. 


1617 Crocker S¢. 
Des Moines, Iowa 
OHerry 38-8604 
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What Every 
WATER 
SUPERINTENDENT 


— 
About 


AMERICAN METERS 
Sa 


FROST BOTTOM METER 


Now, a true frost bottom All interior parts including the gears 
meter of all bronze move with the ice and are 
construction . . . internal undamaged. After a freeze-up, 
metal parts, meter body, only the bottom must be replaced 
frost bottom. There are ‘ —a low-cost, simple operation. 


no dissimilar metals >. The All-Bronze Frost Bottom 
exposed to the feature is one of many out- 
water. When the : standing, cost-saving features of 
ALL-BRONZE . American Meters all 
_ frost-bottom described in Bulletin 58. 
_ American Meter 7m J We will be glad to 
freezes, the center P mail you a copy 
section breaks by on request. 
tension immediately 
relieving the strain on all 
_ internal parts. The exact location and 
type of fracture are design controlled. 
Every American Frost Bottom Meter 
breaks in the same manner, at 
the same pressure, at the same place. 


BUFFALO METER COMPANY 


INCORPORATED 
. Buffalo 14, New York 
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relationships of copper in sea water, marine 
sediments, and marine organisms, a sensitive 
and specific method for detn. of copper was 
required. Use of 2:2'-diquinolyl as a reagent 
for detn. of copper in sea water was there- 
fore investigated. This compound reacts 
with monovalent copper to form a strongly 
colored cationic complex. It was found that 
n-hexanol was a suitable solvent for extrac- 
tion of this cuprous-diquinolyl complex from 
sea water, optimum pH value for extraction 
being above pH 4. Before adding reagent, 
sample is treated with hydroxylamine hydro- 
chloride to convert all copper to cuprous 
state and the pH value is adjusted with so 
dium acetate buffer solution. After extrac 
tion with n-hexanol, copper complex is detd. 
spectrophotometrically. For determination 
of copper in sea water, 3 extractions were 
made and gave more than 99% recovery of 
added copper. Fading of color of cuprous- 
diquinolyl complex, which is particularly 
troublesome when amt. of copper is small, 
can be prevented by addn. of hydroquinone 


metallic ions indicated that no interference 
need be expected at concns. which occur in 
sea water. Replicate analyses on a sample 
of surface water from Irish Sea gave a mean 
value of 27.0 ug/l copper and indicated a 
coefficient of variation of 2.5%; similar re- 
producibility was obtained with water from 
the English Channel, which contained 19.0 
ug/l copper.—W P 


Quantitative Determination of Traces of 
Carbon Dioxide in Water. P. JENNINGS 
& E. Ossorn. Analyst, 82:671 ('57). A 
method was developed for detn. of carbon 
dioxide in boiler feedwater, which is more 
sensitive than methods previously used; at- 
tempts were made to reduce blank values to 
min., and size of sample was also increased 
to increase sensitivity. Throughout detn. 
sample is kept out of contact with atmos- 
pheric carbon dioxide. Carbon dioxide in 
sample is first aspirated for 1 hr with air 
free from carbon dioxide and is absorbed in 
0.01N sodium hydroxide. Alkaline soln. 
formed is titrated with 0.01N sulfuric acid 


to n-hexanol extracts. Tests with various in 2 stages, using a glass electrode system 


(Continued on page 72 P&R) 


N-Sol SETTLES YOUR 
COAGULANT PROBLEMS FAST! 


N-Sol (activated silica sol) helps you to 
yet results like these... 

¢ shorter settling time 

¢ increased filter capacity 

¢ clearer effluent 
N-Sol produces a tough compact floc 
which enmeshes impurities and settles 
‘apidly. It is prepared in your plant with 
N sodium silicate (41° Be., ©; Na2O: 
© SiO2 1:3.22) and a reactant chemical. 
We shall be glad to furnish samples of N 
sodium silicate with directions for making 
jar tests for your water conditions. 


PHILADELPHIA QUARTZ CO. 
1142 Public Ledger Bidg., Philadelphia 6, Pa. 


PQ SOLUBLE SILICATES 


Associates: Philadelphia Quartz Co. of Calif. Berkeley & Los 
Angeles, Calif.; Tacoma, Wash.; National Silicates Limited, 


Trademarks Reg. U.S. Pat. Off. Toronto, Canada 


| 
PQ Plants: Anderson, Ind.; Baltimore, Md.; Buffalo, W.Y.; Chester, Pa.; Jeffersonville, Ind.; Kansas City, Kan.; Rahway, N.J.; St. Louis, Mo.; Utica, I. 
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Write our nearest 
office for complete 
information or es- 
timating figures on 
steel tanks for mu- 


nicipal service. 


: Offices 


Atlanta 


Cleveland 

Detroit 

Houston 

Kansas City 
Orleans 

j New York 
Philadelphia 
Pittsburgh 
Lake City 
Francisco 
Seattle 

South Pasadena 


Tulsa 
Plants 
Birmingham 
Chicago 
Greenville, Pa. 
Houston 


Castle, Del. 
Salt Lake City 


IN CANADA 


Horton Steel 
Works Limited 


Chicago Bridge & Iron Company 


2,000,000-gallon Spheroidal 
Built for Fort Worth, Texas 


The 2,000,000-gallon Horton Spheroidal elevated 
tank shown above is the largest of its type built by 
Chicago Bridge & Iron Company since introduction of 
the design in 1958. The tank, 105 feet in diameter and 
126 feet to bottom, serves the City of Fort Worth, 
Texas. 

Standard capacities of Horton Spheroidal elevated 
tanks range from 200,000 to 3,000,000 gallons. Write 
or call the nearest CB&I office for additional infor- 
mation on your water storage requirements ... at no 
obligation, of course. 
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to follow changes in pH value. Sulfuric 
acid is first added in a closed circuit until 
pH value is reduced to just below 8.3, when 
carbonate originally present is converted to 
bicarbonate. Further acid is then added, 
and carbon dioxide liberated from bicarbonate 
is removed to atmosphere by a stream of 
iir free from carbon dioxide, until the pH 
value decreases to just below 5.0. Amt. of 
acid required between pH 8.3 and 5.0 is 
found from a graph, and used to calculate 
amt. of carbon dioxide in original sample. 
A similar procedure is followed for blank 
tests to avoid errors due to leakage into 
apparatus and to carbon dioxide in sodium 
hydroxide soln., and sample is reaspirated to 
avoid errors due to incomplete transfer of 
carbon dioxide from sample. Typical re- 
sults obtained in analysis of boiler feedwa- 
ters at power stations are tabulated. In 
tests using standard sodium carbonate solns., 
satisfactory results were obtained for concns. 
of carbon dioxide in range 0.02-0.11 mg/I; 
errors occurred during tests in range 2.2-4.4 
mg/l. It is concluded that carbon dioxide 
can be detd. in boiler feedwater with an 


accuracy of +0.003 mg/l, using a 10-liter 
sample, provided sample does not contain 
more than 1 mg of carbon dioxide —WPA 


Salt Effect Correction in Determining 
Soluble Silica in Sea Water by the Silico- 
molybdic Acid Method. G. S. Bien. Anal. 
Chem., 30:1525 (’58). In detn. of a given 
amt. of soluble silica by silicomolybdic acid 
method, less color is developed in sea water 
than in distilled water. This effect is at- 
tributed to various salts dissolved in sea 
water, and varies with salt concn. Methods 
of correcting for effect are discussed and 
exptl. results are given in tables and graphs. 
Simplest method of correction is based on 
functional relation between micromolar ab- 
sorbance coefficient and chlorosity. When 
micromolar absorbance coefficient is plotted 
against chlorosity, 2 linear relationships are 
obtained for ranges of chlorosity 0.5-5 g of 
chloride per liter, respectively; and from 
these relations, micromolar absorbance co- 
efficient for required chlorosity can be calcd. 
Using Beer’s law, silica content of soln. can 
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for Public Water Fluoridation 


(Powder or Granular) 


Meet AWWA specifications 


White or tinted blue « 


Dry and free-flowing 


‘Minimum of storage space + Available in bags and drums, 
Minimum of dust in handling 


THE AMERICAN AGRICULTURAL 
CHEMICAL COMPANY 


100 Church Street, New York 7, N. Y. 
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stems 


standardize on MUELLER= gate valves 
TIGHTER SHUT-OFFS 
TROUBLE-FREE 

MINIMUM MAINTENANCE 


... These are just a few of the The closing force applied to the 
benefits you get from installing stem of a Mueller gate valve 
Mueller double-disc, parallel-seat becomes four separate seating 
valves with exclusive “4-Point” forces. These forces act near the 
wedging mechanism design. —soutter edge of each disc. Seat loads 
- are uniformly developed to elimi- 

nate disc deflection and to give 

tighter shut-offs without strain. 


Other bonus features... “O” ring 
stem seals above and below 

thrust collar... life-time lubricant 
completely surrounding thrust 
collar and sealed in by “O” 
rings... bronze seat rings in the 
body and bronze disc rings 
securely dove tailed into the gates, 
are machined after assembly 

to assure perfect closures... 

high tensile bronze stems with 
strong, electrically upset-forged 
thrust collar... sizes over 18” 
have extremely high strength, cast 
manganese-bronze stems.. 
complete line of end connections 
... full range of sizes. —'gh 


(om 


fofo 


Write for complete 
information and 
specificatiens. 


MUELLER CO. 
DECATUR. ILL. 


Factories at: Decatur, Chattanooga, Los Angeles 
In Canada: Mueller, Limited; Sarnia, Ontario 
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(Continued from page 72 P&R) 
then be calcd. directly from measurements tails are given of procedure for detg. alka- 
of absorbance of silicomolybdate color at  linity and free borate boron on one sample 
3600 mu. of sea water, and tot. borate on a second 
sample. Difference between results for tot. 
Determination of the Alkalinity and Borate borate and free borate can be used as a 
Concentration of Sea Water. J. Gast & measure of amt. of borate combined with 
T. TuHompson. Anal. Chem., 30:1549 (58). organic matter in water. Method was used 
Significance of boron-chlorinity ratio of nat- to obtain information on relations between 
ural waters is discussed; to enable more  chlorinity, alkalinity, borates, and polyhy- 
careful study of variations in this ratio, the droxy organic matter in sea water from 
mannitol method for detg. borates has been stations in northeast Pacific Ocean and in 
improved, by replacing colored indicators by an estuary of Puget Sound; results are 
a continuously recording pH meter, using tabulated—IMVPA 
7 g of mannitol, performing titrations in an 
atmosphere of nitrogen free from carbon New Spot Test for Nitrate Ion. B. Cotp- 
dioxide, and controlling temp. of sodium wett & S. McLean. Canad. J. Chem., 36: 
hydroxide soln. used for titration within 652 (’58). <A spot test for nitrate ion has 
+2°C. Abnormally low values for the been developed, based on yellow product 
boron-chlorinity ratio obtained in lab. tests formed when diphenylamine and _ nitrate, 
on aquarium water were attributed to reac- spotted on filter paper, are exposed to short- 
tion of some of boric acid with polyhydroxy wave ultraviolet radiations. Yellow color is 
organic substances in water. It was shown probably caused by products formed during 
that total borate boron in water can be detd. photochem. reaction. Reaction appears to be 
if polyhydroxy organic compounds are first specific and relatively sensitive, making it 
oxidized by potassium permanganate. De- possible to detect 1 ug of nitrate in 0.01 ml 
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AMONG WATER WORKS MEN 


THE HEAVY-DUTY to water works 
facts and 


CUTTER 
The complete text of “A Sur- 
IS BEST vey of Operating “a for 


FOR CUTTING LARGE Water Works in 1955” with 

SIZES OF PIPE Seidel & Baumann’s statisti- 
cal analysis; combined with 
Porges’ summary of the 1955 
USPHS survey of treatment 
Write for circular and price list facilities in one handy paper- 
bound book. Journal Re- 

print R722; $1.25. 


ELLIS & FORD MFG. CO. 


1100 Coolidge Rd. P.O. Box 308 American Water Works Assn. 
Birmingham, Michigan 2 Park Ave., New York 16, N. Y. 


No. 01 Cuts Pipe 4” to 8” 
No. 1 Cuts Pipe 4” to 12” 


‘an 


| 
q 
7 | 
| 
| | 
| 
| | 
- 
| 
1 
| 
| 
: 1 
| | 
| 
| 
| | 
| 
| 
| 
| 
| 
| 
4 
3 
| 
| 
7 
: 
| 
‘ | 
| 
if 


Feb. 1960 


to Basic 
Chemicals 


WATER 


7 


...come to General Chemical / 


There are good basic reasons for making General 
_ Chemical your source of supply for basic chem- 
__ icals. Our large-scale production is one. Long 
4 experience is another. And there are many more 
_ —including consistent high quality and uni- 
formity of product .. . top-notch technical serv- 
ice... a coast-to-coast network of plants and 

distribution points . . . plus efficient follow- 
r through from order to delivery and beyond that 
_ to satisfactory performance. That’s why—when 

you need basic chemicals—come to General 

_ Chemical for all these products. . . . 
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America's Progress 
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COAGULATION 

Aluminum Sulfate, Standard 
Aluminum Sulfate, Liquid 
Ammonium Alum 
Potassium (Potash) Alum 
Sodium Silicate 
FLUORIDATION 

Sodium Fluoride 

Sodium Silicofluoride 
Hydrofluoric Acid 
DECHLORINATION 
Sodium Sulfite 

Sodium Bisulfite, Anhy. 
Sodium Thiosulfate 


BOILER WATER 

Sodium Sulfate, Anhy. 
Disodium Phosphate, Anhy. 
Trisodium Phosphate 
Sodium Silicate 

Sulfuric Acid 


CORROSION CONTROL 
Sodium Silicate 
Tetrasodium Pyrophosphate 
Sodium Tripolyphosphate 


OTHER USES 
Aqua Ammonia 
Hydrochloric Acid (Muriatic) 


Baker & Adamson® Laboratory Reagents and Fine Chemicals 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N.Y. 
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water service 
products 


iT PAYS 


CURB STOPS 


one of a 
complete line 
of water 
service 


GENERAL PRODUCTS DIVISION 


HAYS MEG. CO 
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of soln. Only ions which cause serious in- 
terference are nitrite, bromate, iodate, and 
vanadate, and even in these 5 ug of nitrate 
ion can be detected in presence of 3-10 times 
this quantity of interfering ion—WPA 


Studies on the Analytical Method of Am- 
monia and Organic Nitrogen in Sea Wa- 
ter. C. Marsmparra & T. Tsupa. Tohoku 
J. Agric. Res. (Jap.), 8:1:37 ('57); Biol. 
Abstr., 32 :3033 (’58). Procedure is described 
for detn. of ammonia and organic nitrogen in 
sea water. To determine ammonia, sodium 
bromate is added to sample and is partly 
reduced; excess potassium iodide and a 
known amt. of starch soln. are then added, 
and amt. of iodine released by action of re- 
maining bromate is detd. by measuring in- 
tensity of blue color. From this, original 
concn. of ammonia is calcd. Results are 
affected by presence of amino nitrogen, but 
not by nitrite. In detn. of organic nitrogen, 
material is digested and neutralized as in 
Kjeldahl method, and ammonia is then detd. 
as before —IV PA 


Rapid Screening Test for Cadmium. M. 
Lieper. Wtr. & Sew. Wks., 105:374 (’58). 
A rapid method for detecting presence of cad- 
mium in potable water in field is described. 
Color produced by addn. of dithizone to sam- 
ple is compared with temporary standard 
solns. containing known concns. of cadmium. 
Presence of hexavalent chromium does not 
interfere with test but nickel and copper 
will darken color, and these samples will 
require more detailed chem. analysis— 
WPA 


Determination of Low Concentrations of 
Sulfate in Rain and Other Waters. J. K. 
Jonannesson. N.Z.J. Sci. Technol. (New 


| Zealand), 1:423 (’58). A method has been 


developed for detn. of sulfate in concns. less 
than 10 ppm in natural waters. Method is 
based on fact that when a soln. contg. only 
sulfuric and hydrochloric acids, such as is 
obtained by treatment of a natural water 
with a cation-exchange resin, is treated with 
mercuric oxide, mercuric chloride and mer- 
curic sulfate are formed. The conductivity 


| of resulting soln. is almost entirely due to 


sulfate, and only a small correction is neces- 
sary for chloride. Detailed procedure is 


| given—WPA 
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municipal 


revenue 


coum the drain? - 


When water meters start “cheating”, you start giving 
away city money every time anyone turns on a faucet. 


Incredible? It may be happening in your town at this 

_ very minute. And it may be costing anywhere from 
hundreds to thousands of dollars a year in 

legitimate income. 


(Constantly repairing those inaccurate meters can be 
an expensive proposition too.) 


To stop revenue loss — and hold meter maintenance to 
a minimum — there’s a simple solution. Specify 
Calmet! Join the progressive municipalities across the 
nation that assure themselves a fair return for water 


department service. 


i- A CALMET METER DIVISION 


WORTHINGTON 230: so. MAIN © FORT WORTH, TEXAS 
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Field Method for Determining Potassium 
in Natural Waters. A. REzNIkov & A. 
Byull. Nauch.-Tekh. Inform., 
Ministerstvo Geol.i Okhrany Nedr. S.S.S.R., 
5:63 (’57):; Referat. Zhur. Geofiz., Abstr. 
No. 6498 (’58). Reaction of pptg. K in 
form of complex salt K2Na[Co(NOz)«]-H,O 
was used. 2 variations of method were pro- 
posed: volumetric, based on oxidation of 
complex salt with KMnO, in an acid me- 
dium, which gives good results for high K 
conens. (10 mg/l) ; and a turbidimetric vari- 
ation based on comparison of intensity of 
cloudiness of coagulating ppt. of complex 
salt in water sample being studied and in a 
series of standard solns. A scale of acetyl- 
celluloid can replace liquid standard scale. 
A field lab. was designed—CA 


Determination of the Oxidizability of Wa- 
ters. R. Buypens & R. Levent. Bul. 
Centre Belge Et. Documentation Eaux 
(Liege), 38:238 (’57). Potassium perman- 
ganate, cerium sulfate, and potassium chro- 
mate methods of detg. oxygen demand of 
water are discussed individually, and suit- 
ability of the 3 reagents is compared. Po- 
tassium permanganate method gives repro- 
ducible results provided reagent is free from 
manganese dioxide, and under these condi- 
tions reagent is stable for several months. 
Sensitivity of cerium sulfate method is simi- 
lar to that of potassium permanganate 
method, both methods giving results which 
increase with amt. of reagent used and with 
duration of boiling. Potassium chromate 
method is considered useful provided that 
only 0.25N chromate soln. and not 0.05N 
is used and that catalyst silver sulfate, some- 
times used, is not added. 3 methods were 
used to examine pold. waters of 4 rivers 
(Seine, Orneau, Sambre, and Meuse) and 


water from distribution system at Brussels. 
Results are tabulated, expressed in milli- 
grams of oxygen consumed per liter of 
water.—IVPA 


Determination of RaB, RaD, and ThB in 
Natural Waters. G. Avperti; C. Berrti- 
NALI; & F. SAtvetti1. Ann. Chim. (Rome), 
49:193 (’59). Radioactive isotopes of Pb 
are detd. by extn. from H:O (contg. 
Ba(NOs)2, Pb(NOs)s, NH, citrate, NH,OH, 
and NH.OH-HC1) with a soln. of dithizone 
in CHCls. CHCls is evapd. and decay of 
the f-activity of residue examd. A similar 
expt. after 30 days gives Ra and ThX. Re- 
sults, for water flowing from rock contg. U 
and Th, are: Rn 1.3 X 10°, ThB 1 X 10°”, Ra 
<10°, ThX<10% RaD~10™. It is 
shown that the rock (volcanic tuff) absorbs 
ThB when a Th soln. is filtered through it. 


Electrode System for Measuring Dis- 
solved Oxygen. D. Carritt & J. KAn- 
WISHER. Anal. Chem., 31:5 (Jan. ’59). A 
continuous measure of oxygen tension in 
fluid systems having wide range of proper- 
ties found in natural fresh and sea waters, 
blood, and sewage has not been practicable. 
Polarographic devices using solid electrodes 
have had limited applicability to such sys- 
tems because of electrode poisoning and 
high temp. coefficient. Device described 
overcomes major objections to previous 
oxygen-measuring instruments. It is temp.- 
compensated and, because of selectivity of 
membrane separating electrodes from envi- 
ronment, will function satisfactorily in a 
wide variety of aqueous systems. It can be 
used with continuous recording devices or 
as a completely portable instrument with 
readout on a microammeter—PHEA 


sare MONTEREY SAND CO. 
Amber Gilter Sand & Gravel 
“‘The Standard of the Industry’’ 


In conformity with A.W.W.A. specifications for filtering material 
or made to your own specification. 


Shipped Bulk or in 100 Ib. bags. 
Filtration specialists for over 15 years 
P. O. Box 928, Monterey, Calif.— Inquiries Invited 
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PHOTOVOLT 
pH Meter Mod.115 


{ine- operat 
Meter 
of remarkable 
accuracy 
and st stability 
at the low 
‘price of 


e SIMPLE IN OPERATION AND MAINTENANCE 
e FAST AND DEPENDABLE IN SERVICE 


Write for Bulletin #225, also for literature on other 
Line-Operated and Battery-Operated Photovolt pH Meters 
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ADVERTISERS’ PRODUCTS | 


Aduertisers’ 


Activated Carbon: 

‘Industrial Chemical Sales Div. 

-Permutit Co 

Activated Silica Generators: 

_B-I-F Industries, Inc.--Omega 

Wallace & 

Aerators (Air Diffusers) : 

American Well Works 

Carborundum Co 

General Filter Co. 

Permutit Co 

Walker Process Equipment, Inc. 

Air Compressors: 

Allis-Chalmers Mfg. Co 

DeLaval Steam Turbine Co. 

Worthington Corp 

Alum (Sulfate of Alumina): 

American Cyanamid Co., Process 
Chemicals Dept 

General Chemical Allied 
Chemical Corp. 


Tiernan In 


Div., 


Ammonia, Anhydrous: 
General Chemical Div., 
Chemical Corp. 
Jones Chemicals, Inc. 

Ammoniators: 
B-I-F Industries, Inc 


Allied 


Proportion- 


eers 

Wallace & Tiernan Co., Inc. 

Ammonium Slilicoftuoride: 

American Agricultural Chemical Co. 

Associations, Trade: 

American Concrete Pressure 
Assn. 


Pipe 


Cast Iron Pipe Research Assn. 
Steel Plate Fabricators Assn. 


Brass Goods: 

American Brass Co 

Hays Mfg. Co. 

Mueller Co. 

Brine-Making Equipment: 
International Salt Co., Inc. 


Calcium Hypochlorite: 
Jones Chemicals, Inc 
Olin Mathieson Chemical Corp. 


Carbon Dioxide Generators: 
Walker Process Equipment, Inc 
Cathodic Protection: 
Electro Rust-Proofing Corp 
Cement Mortar Lining: 
Centriline Corp 
Halliburton Oil Well C Ke, Co. 
Southern Pipe Div. of U.S. Indus- 
tries 
Chemical Feed Apparatus: 
B-I-F Industries, Omega 
B-I-F Industries, Inc.— Proportion- 
eers 
Graver Water Conditioning Co. 
B. Leopold Co. 
Permutit Co 
Precision Chemical Pump Corp. 
Simplex Valve & Meter Co 
Wallace & Tiernan Inc. 
Chemists and Engineers: 
(See Professional Services) 
Equipment: 
B-I-F Industries, Inc.—Builders 


Products — 


B-I-F Industries, Inc. 
eers 

Precision Chemical Pump Corp. 

Wallace & Tierman Inc 

Chlorine Comparators: 

Klett Mfg. Co. 

Wallace & Tiernan Inc. 

Chlorine, Liquid: 

Jones Chemicals, Inc. 

Olin Mathieson Chemical Corp. 

Wallace & Tiernan Inc. 

Clamps and Sleeves, Pipe: 

James B. Clow & Sons 

Dresser Mfg. Div 

Ludlow Valve Mfg. Co., Inc 

Mueller Co 

4. P. Smith Mfg. Co 

Trinity Valley Iron & Steel Co. 

Clamps, Bell Joint: 

James B. Clow & Sons 

Dresser Mfg. Div. 

Clamps, Pipe Repair: 

James B. Clow & Sons 

Dresser Mfg. Div. 

Trinity Valley Iron & Steel Co. 

Chain Belt Co. 

Cochrane Corp 

Graver Water Conditioning Co. 

Infilco Inc 


Clarifiers: 

Dorr-Oliver Inc 
Permutit Co. 


American Weli Works 
seneral Filter Co. 
Walker Process Equipment, Inc. 


ELEVATED 


WATER STORAGE TANKS 


GROUND RESERVOIRS 


STANDPIPES 


Complete Jank Serwtee 


Engineered and Erected According to 
AWWA-AWS-FIA-FM and NBFU Specifications 


TAYLOR IRON WORKS 


ACON, 


GEORGIA 


Serving The Southern States Since 1898 


Please Address 
Box 218 
bacon, Ga 


inquiries To 
Box 6493 
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POSITIVE CONTROL OF MATERIALS IN MOTION (QE 


MODULAR DESIGN 
increases versatility, cuts maintenance 
in time-duration telemetering receivers 


Fhovitlente Chronofio in both 


compact 4” strip chart and 12” circular chart receivers 


pletely redesigned to meet today’s demands! 


High, enduring accuracy . . . better than 0.5% of mo 7 


scale over 5:1 flow range (10:1 optional at extra cost). 


High speed operation, high repeatability... due to 
new compact, balanced-movement design of power- 7 
positioner mechanism. c+ 
Application versatility... up to 8 alarm or control 

switches for compact 4" 
circular chart receiver. Potentionsster for electrical 

summation and data logging-computing. (Switches and 
potentiometers optional. ) 

Faster, quieter response, low power consumption .. . 

DC power supply . . . nominally rated at 35V ... 12 to 20 

watts depending upon arrangement. 


4 


| | industries 
BUILDERS-PROVIDENCE + PROPORTIONEERS + OMEGA 


METERS + FEEDERS + CONTROLS / CONTINUOUS PROCESS ENGINEERING 


For complete details, request literature TH-C, free of charge 
Write on company letterhead for B-I-F’s new, 52 page Telemeter- 
ing Handbook available at $2.00 per copy. B-I-F Industries, Inc., 
635 Harris Avenue, Providence 1, Rhode Island. 
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Coagulant Alds: 
Hagan Chemicals & Controls, Inc. 
National Aluminate Corp. 
Philadelphia Quartz Co 


Condensers: 

Allis-Chalmers Mfg. Co. 

United States Pipe & Foundry Co. 
Worthington Corp 

Contractors, Water Supply: 
Layne & Bowler, Inc 


Controllers, Liquid Level, 
Kate of Flow: 
B-I-F Industries, Inc. 

Foxboro Co 
Genera! Filter Co 
Simplex Valve & Meter Co. 


Copper Sheets: 
American Brass Co 


Builders 


Copper Sulfate: 

General Chemical Div., 
Chemical Corp 

Tennessee Corp 


Allied 


Corrosion Control: 

Calgon Co 

National Aluminate Corp 

Philadelphia Quartz Co 

Southern Pipe Div. of U.S. Indus- 
tries 


Couplings, Flexible: 
DeLaval Steam Turbine Co 
Dresser Mfg. Div 

Southern Pipe Div. of U.S. Indus- 


tries 
E. H. Wachs Co. 


Covers, Vault: 
Ford Meter Box Co. 
E. H. Wachs Co 


Desalinization Plants: 
Emhart Mig. Co., Maxim Div 


Diaphragms, Pump: 


Dorr-Oliver Inc 


Engineers and Chemists: 

(See Professional Services) 

Evaporating Equipment: 

Emhart Mig . Maxim Div 

Feedwater Treatment: 

B-I-F Industries, Inc. — Proportion- 
eers 

Calgon Co 

Graver Water Co. 

Hungerford & Terry, I 

National Aluminate C — 

Permutit Co. 

Ferric Sulfate: 

Tennessee Corp 

Filter Materials: 

Anthracite Equipment Corp. 

Carborundum Co. 

Dicalite Div. 

General Filter Co. 

Johns-Manville Corp. 

Monterey Sand Co. 

Multi-Metal Wire Cloth Co., Inc. 

Northern Gravel Co 

Permutit Co. 

Stuart Corp. 

Filters, incl. Feedwater: 

B-I-F Industries, Inc.—Proportion- 
eers 

Dorr-Oliver Inc. 

Graver Water Conditioning Co. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Ross Valve Mfg. Co. 

Filtration Plant Equipment: 

B-I-F Industries, Inc.—Builders 

B-I-F Industries, Inc.—Omega 

Chain Belt Co. 

Cochrane Corp. 

Filtration Equipment Corp. 


ADVERTISERS’ PRODUCTS 


General Filter Co 

Golden-Anderson 
Co. 

Graver Water Conditioning Co 

Hungerford & Terry, Inc. 

Infilco Inc 

F. B. Leopold Co 

Multi-Metal Wire Cloth Co., Inc 

Permutit Co 

Roberts Filter Mfg. Co. 

Simplex Valve & Meter Co. 

Stuart Corp 

Wallace & Tiernan Inc. 


Fittings, Copper Pipe: 
Dresser Mfg. Div 

Hays Mig. Co 

Mueller Co 


Fittings, Tees, Ells, etc.: 
American Cast Iron Pipe Co. 
James B. Clow & Sons 
Dresser Mig. Div 
M & H Valve & Fittings Co 
Morgan Steel Products, Inc 
Southern Pipe Div. of U.S 
tries 
Trinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co. 
R. D. Wood Co 


Flocculating Equipment: 
Chain Belt Co. 

Dorr-Oliver Inc 

General Filter Co 

Graver Water Conditioning Co. 
Infilco Inc 

F. B. Leopold Co. 

Permutit Co 

Stuart Corp 

Fluoride Chemicals: 
American Agricultural Chemical Co. 
Olin Mathieson Chemical Corp. 
Tennessee Corp 


Valve Specialty 


Indus- 


Fluoride Feeders: 

B-I-F Industries, Inc 

B-I-F Industries, Inc 
eers 


Wallace & Tiernan Co., Inc 


Furnaces: 
Jos. G. Pollard Co., Inc. 


Gages, Liquid Level: 

B-I-F Industries, Inc.—-Builders 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 

Gages, Loss of Head, Pressure 
of Vacuum, Rate of Flow, 
Sand Expansion: 

B-I-F Industries, Inc. 

Foxboro Co 

Jos. G. Pollard Co., Inc. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 

Gasholders: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

Graver Tank & Mfg. Co. 

Pittsburgh-Des Moines Steel Co 

Gaskets, Rubber Packing: 

James B. Clow & Sons 

Johns-Manville Corp. 

Gates, Shear and Sluice: 

Drainage & Metal Products, 
nc 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Mueller Co 

R. D. Wood Co. 

Gears, Speed Reducing: 

DeLaval Steam Turbine Co 

Worthington Corp 

Glass Standards—Colorimetric 
Analysis Equipment: 

Klett Mfg. Co. 

Wallace & Tiernan Inc. 


Omega 
Proportion- 


Builders 
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Goosenecks (with or without 
Corporation Stops): 

James B. Clow & Sons 

Mueller Co 

Southern Pipe Div. of U.S. Indus- 
tries 

Hydrants: 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

M. Greenberg's Sons 

Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co 

A. P. Smith Mfg. Co. 

R. D. Wood Co 

Hydrogen lon Equipment: 

Photovolt Corp. 

Wallace & Tiernan Inc 

Hy pochlorite; nee Calcium 
Hypochlorite; Sedium Hy- 
pochlorite 

Intake Screens: 

Multi-Metal Wire Cloth Co., Inc 

lon Exchange Materials: 

Cochrane Corp 

General Filter Co. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

National Aluminate Corp. 

Permutit Co 

Roberts Filter Mfg. Co. 

Rohm & Haas Co 

Iron, Pig: 

Woodward Iron Co 

Iron Removal Plants: 

American Well Works 

Chain Belt Co. 

Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co 

Hungerford & Terry, Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Jointing Materials: 

Johns-Manville Corp. 

Keasbey & Mattison Co. 

Leadite Co., Inc 

Joints, Mechanical, Pipe: 

American Cast Iron Pipe Co. 

James B. Clow & Sons 

Dresser Mfg. Div 

Southern Pipe Div. 
tries 

Trinity Valley Iron & Steel Co. 

United States Pipe & Foundry Co. 

R. D. Wood Co. 

Leak Detectors: 

Aqua Survey & Instrument Co. 

Jos. G. Pollard Co., Inc. 

Lime Slakers and Feeders: 

B-I-F Industries, Inc.--Omega 

Dorr-Oliver Inc 

General Filter Co. 

Infilco Inc. 

Permutit Co. 

Wallace & Tiernan Inc. 

Locators, Pipe & Valve Box: 

Aqua Survey & Instrument Co. 

W. S. Darley & Co. 

Jos. G. Pollard Co., Inc. 

Magnetic Dipping Needles: 

Aqua Survey & Instrument Co. 

W. S. Darley & Co. 

Meter Boxes: 

Ford Meter Box Co. 

Rockwell Mfg. Co 

Meter Couplings and Yokes: 

Badger Meter Mfg. Co. 

Dresser Mfg. Div 

Ford Meter Box Co. 

Gamon Meter Div., 


of U.S. Indus- 


Worthington 
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MENNEDY VALVE nas a complete line 
of A.W.W.A. Standard Gate Valves... 


... that conform to A.W.W.A. specifications in all respects 


Fic. FIG. 
tnsiée Screw Inside Screw 

© Non-Rising Stem Non-Rising Stem 

Parallel Seats Paraliel Seats 

Bell Ends Mechanical Joint Ends 


Construction features... 


Conventional 

stuffing box 

with adjustable gland has 
ample space for packing that 
conforms to Federal specifi- 
cation HH-P-106c. The bot- 
tom face of the stuffing box 
flange is faced smooth to 
form bearing surface for stem 
thrust collar. 


O-Ring seals 

once installed no adjustment 
of any kind is required. The 
top O-Ring is the dirt seal 
and the bottom O-Ring is the 
pressure seal, 


Operating nut 

is Higher Strength Cast Iron 
The Sass flange, with arrow 
indicating direction to open, 
is sha to permit access 
from ground surface to ad- 
just gland nuts with an ex- 
tension socket wrench. 


FIG. 566 
«Serew-and- 
Paraliel 
Flanged Ends 


KENNEDY A.W.W.A. Standard gate valves 
are designed specifically for use in water 
works systems, Conforming to A.W.W.A. 
Specifications, in several particulars these 
valves exceed these standards of strength 


and refinements of design. 


While A.W.W.A. Specifications cover 
only bell end and flanged end non-rising 
stem valves, the KENNEDY line also in- 
cludes outside-screw-and-yoke valves and 
a wide variety of pipe connections in- 
cluding: Bell Ends, Flanged Ends, Me- 
chanical Joint Ends, Universal Pipe Ends, 
Asbestos Cement Pipe Ends, Screwed Ends, 
Ring-Tite Pipe Ends and Spigot Ends. 


In addition to standard features, KEN- 
NEDY A.W.W.A. Valves have reduction 
gearing, gear cases, by-passes; indicators 
and rollers, tracks and scrapers available 
on 16” and larger sizes. Gearing is always 
furnished on 30” and larger valves. 


KENNEDY 
VALVE 


MFG. CO. 


ELMIRA, NEW YORK 


mvORants 


@ WRITE TODAY FOR 
A.W.W.A. BULLETIN 561 


* OFFICES AND WAREHOUS 
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Hays Mig. Co. 
Hersey-Sparling Meter Co. 
Mueller Co. 

Neptune Meter Co. 
Rockwell Mfg. Co 


Meter Reading 
Books: 
Badger Meter Mfg 


Meter Testers: 
Badger Meter Mfg. Co 
Ford Meter Box Co. 
Hersey-Sparling Meter Co. 
Neptune Meter Co 
Rockwell Mfg. C 
Meters, Domestic: 
Badger Meter Mfg. Co 
Buffalo Meter Co. 
Calmet Meter Div., 


and Record 


Co. 


Worthington 


Corp 
Gamon Meter Div., Worthington 
Corp. 
Hersey-Sparling Meter Co. 
Neptune Meter Co 
Rockwell Mfg. Co. 


Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 

B-I-F Industries, Inc.—Builders 

Simplex Valve & Meter Co 


Industrial, Commer- 
cla 
Badger’ Meter Mfg. Co 
B-I-F Industries, Inc. 
Buffalo Meter Co. 
Burgess-Manning Co., 
struments Div 
Calmet Meter Div., 
Corp 
Gamon 
Corp 
Hersey-Sparling Meter Co. 
Neptune Meter Co. 
Rockwell Mig. Co 
Simplex Valve & Meter Co. 


Mixing Equipment: 
Chain Belt Co 
General Filter Co. 

F. B. Leopold Co 


Motors, Electric: 
Allis-Chalmers Mfg. Co. 
Ideal Electric Co. 
Worthington Corp. 


Builders 


Penn In- 


Worthington 


Meter Div., Worthington 


Paints: 

Inertol Inc 

Koppers Co., Inc 

Plastics & Coal Chemicals 
Allied Chemical Corp. 


Div., 


Pipe, Asbestos-Cement: 
Johns-Manville Corp. 
Keasbey & Mattison Co. 


Pipe, Brass: 
American Brass Co. 


Pipe, Cast Iron (and Fittings): 
Alabama Pipe Co. 

American Cast Iron Pipe Co. 
James B. Clow & Sons 

Trinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co. 
R. D. Wood Co. 


Pipe, Cement Lined: 

American Cast Iron Pipe Co. 
James B. Clow & Sons 

— Pipe Div. a U.S. Indus- 


United States & Foundry Co. 
R. Wood C 


Concrete: 

American Pipe Co. 
Lock Joint Pi 

Vulcan Materials . 3 


ADVERTISERS’ PRODUCTS 


Pipe, Copper: 
American Brass Co. 


Pipe, Plastic: 

American Hard Rubber Co. 

Morgan Steel Products, Inc. 

Orangeburg Mig. Co., Div. 
Flintkote Co. 


Pipe, Steel: 
Armco Drainage & Metal Products, 


of The 


Bethlehem Steel Co 

Morgan Steel Products, 

Southern Pipe Div. of 
tries 

Pipe Cleaning Services: 

Centriline Corp. 

National Water Main Cleaning Co. 

Pipe Coatings and Linings: 

American Cast Iron Pipe Co. 

American Hard Rubber Co. 

Centriline Corp 

Inertol Co., Inc. 

Koppers Co., Inc. 

Plastics & Coal Chemicals Div., 
Allied Chemical Corp. 

Reilly Tar & Chemical Corp 

Shell Chemical Corp. 

Southern Pipe Div. of U.S. Indus- 
tries 

Pipe Cutters: 

James B. Clow & Sons Tr | 

Ellis & Ford Mfg. Co. 

Pilot Mig. Co 

Jos. G Pollard Co., Inc 

A. P. Smith Mfg. Co. 

E. H. Wachs Co. 

Pipe Jointing Materials; 
Jointing Materials 


Inc. 


U.S. Indus- 


ave 
Pipe Locators; see Locators, 

Pipe 
Plugs, 
James B 


Removable: 
Clow & Sons 
Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co. 


Potassium Permanganate: 
Carus Chemical Co. 


Pressure Regulators: 
Allis-Chalmers Mfg. Co. 
Golden-Anderson Valve Specialty Co. 
Muelier Co. 

Ross Valve Mfg. Co. 


Pumps, Boiler Feed: 
DeLaval Steam Turbine Co. 


Pumps, Centrifugal: 
Allis-Chalmers Mfg. Co. 
American Well Works 
DeLaval Steam Turbine Co. 
Peerless Pump Div 

C. H. Wheeler Mfg. Co 
Chemical Feed: 


Pumps, 
Inc.—Proportion- 


B-I-F Industries, 
eers 

Precision Chemical Pump Corp. 

Wallace & Tiernan Inc. 


Pumps, Deep, Well: 
American Well Works 
Layne & Bowler, Inc. 
Peerless Pump Div. 
Pumps, Diaphragm: — 
Dorr-Oliver Inc. 
Wallace & Tiernan Inc. 
Pumps, Hydrant: 

W. S. Darley & Co. 

Jos. G. Pollard Co., Inc 
Pumps, Hydraulic Booster: 
Peerless Pump Div. 

Ross Valve Mfg. Co. 
Pumps, Sewage: 
Allis-Chalmers Mfg. Co. 
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DeLaval Steam Turbine Co. 
Peerless Pump Div. 

C. H. Wheeler Mfg. Co. 
Pumps, Sump: 

DeLaval Steam Turbine Co. 
Peerless Pump Div. 

C. H. Wheeler Mfg. Co. 


Pumps, Turbine: 

DeLaval Steam Turbine Co. 

Fiese & Firstenberger 

Layne & Bowler, Inc. 

Peerless Pump Div. 

Gas Density, CO;, 
etec.: 


Recorders, 

NH, SO», 
Permutit Co 
Wallace & Tiernan Inc. 


Recording Instruments: 
B-I-F Industries, Inc.—Builders 
Simplex Valve & Meter Co. 
Wallace & Tiernan Inc. 
Reservoirs, Steel: 

Bethlehem Steel Co. 

Graver Tank & Mfg. 
Pittsburgh-Des Moines Steel Co. 
Sand Expansion Gages; see 
Gages 


Sleeves: see Clamps 


Sleeves and Valves, Tapping: 
James B. Clow & Sons 

Ludlow Valve Mfg. Co. 

M & H Valve & Fittings Co. 
Mueller Co 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 


Sludge Blanket Equipment: 
Cochrane Corp 

General Filter Co. 

Graver Water Conditioning Co. 
Infilco Inc. 

Permutit Co 

Sodium Aluminate: 

National Aluminate Corp. 


Sodium Chloride: 
International Salt Co., Inc. 


Sodium Fluoride: 
American Agricultural Chemical Co. 


Sodium Hexametaphosphate: 
Calgon Co 

Sodium Hypochlorite: 

Jones Chemicals, Inc. 

Wallace & Tiernan Inc. 

Sodium Silicate: 

Philadelphia Quartz Co. 

Sodium Silicofiuoride: 
American Agricultural Chemical Co 
Tennessee Corp. 


Softeners: 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co 

Hungerford & Terry, Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Softening Chemicals and Com- 
pounds: 

Calgon Co. 

General Filter Co. 

International Salt Co., Inc. 

National Aluminate Corp. 

Permutit Co. 

Tennessee Corp. 

Standpipes, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

Graver Tank & Mfg. Co. 

Pittsburgh-Des Moines Steel Co. 
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complete 
chiorination 


from source 
to faucet 


Use HTH Granular for quick, direct, chlorine action 
at every point of the water-supply system: reservoirs, 
pumping stations, filters, mains...to say nothing of 
tanks, standpipes, wells, ponds, ete. 

Dry, non-dusty, and easy-to-use ... convenient, ef- 
fective and economical... HTH Granular, with 70% 
available chlorine, means an end to problems of bac- 
teria, algae, fungi and odors. 


Olin Mathieson will gladly send you complete infor- 
mation about the many uses of HTH for the complete 
chlorination of water. Just write. Or check your supply 
house soon. 


HTH GRANULAR re ¥ 


is available in 100-lb. 


drums and in cases 
shee comm, OLIN CHEMICAL CORPORATION 


CHEMICALS DIVISION . BALTIMORE 3, MD. 
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Steel Plate Construction: 
Bethlehem Stee! Co 
Chicago Bridge & Iron Co. 
Graver Tank & Mig. Co 
Morgan Steel Products, Inc. 
Pittsburgh-Des Moines Steel Co. 
Stops, Curb and Corporation: 
Ford Meter Box Co. 
Hays Mig. Co 
Mueller Co 
Storage Tanks: see Tanks 


Strainers, Suction: 

James B. Clow & Sons 

R. D. Wood Co 

Surface Wash Equipment: 
Golden-Anderson Valve Specialty 


Co 
Permutit Co 
Swimming Pool Sterilization: 
B-I-F Industries, Inc. — Builders 
B-I-F Industries, Inc. Omega 
B-I-F Industries, Inc. — Proportion- 
eers 
Wallace & Tiernan Inc 
Tank Painting and Kepair: 
Koppers Co., Inc 
National Tank Maintenance Corp 
Taylor Iron Works 


Tanks, Prestressed Concrete: 
Preload Co., Inc 


Tanks, Steel: 

Bethlehem Steel Co 

Chicago Bridge & Iron Co. 

Graver Tank & Mig. Co. 

Morgan Steel Products, Inc. 

Pittsburgh-Des Moines Steel Co. 

Taylor Iron Works 

Tapping-Drilling Machines: 

Hays Mfg. Co 

Mueller Co 

A. P. Smith Mfg. Co 

Tapping Machines, Corp.: 

Hays Mig. Co 

Mueller Co 

Taste and Odor Removal: 

B-I-F Industries, Inc Builders 

B-I-F Industries, Inc.—-Proportion- 
eers 

General Filter Co. 

Graver Water Conditioning Co. 

Industrial Chemical Sales Div 

Permutit Co 

Wallace & Tiernan Inc. 

Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations) : 

Wallace & Tiernan Inc. 


Turbines, Steam: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 


Turbines, Water: 
DeLaval Steam Turbine Co. 


Valve Boxes: 

James B. Clow & Sons 

Ford Meter Box Co. 

Ludlow Valve Mfg. Co., Inc. 
M & H Valve & Fittings Co. 
Mueller Co. 

A. P. Smith Mfg. Co. 

Trinity Valley Iron & Steel Co. 
R. D. Wood Co. 


Valve-Inserting Machines: 
Mueller Co. 

A. P. Smith Mfg. Co. 


ADVERTISERS’ PRODUCTS 


Valves, Altitude: 

Allis-Chalmers Mfg. Co., Hydraulic 
Div 

Golden-Anderson Valve Specialty Co. 

Ross Valve Mfg. Co., Inc 


Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Plug: 

Allis-Chalmers Mfg. Co., Hydraulic 
Div 

B-I-F Industries, Inc.— Builders 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

DeZurik Corp 

Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co 

Pelton Div., Baldwin-Lima-Hamil- 
ton 

Henry Pratt Co. 

R. D. Wood Co. 


Valves, Detector Check: 
Hersey-Sparling Meter Co 


Valves, Electrically Operated: 

Allis-Chalmers Mig. Co., Hydraulic 
Div. 

B-I-F Industries, Inc.—Builders 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

Golden-Anderson Valve Specialty Co. 

Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co. 

Henry Pratt Co. 

A. P. Smith Mfg. Co. 


Valves, Float: 

James B. Clow & Sons 
Golden-Anderson Valve Specialty Co. 
Henry Pratt Co. 

Ross Valve Mfg. Co., Inc. 


Valves, Gate: 

Chapman Valve Mfg. Co. 
James B. Clow & Sons 
Darling Valve & Mfg. Co. 
Dresser Mfg. Div 

Kennedy Valve Mfg. Co. 
Ludlow Valve Mfg. Co., Inc. 
M & H Valve & Fittings Co. 
Mueller Co 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Valves, Hydraulically Oper- 
ated: 

Allis-Chalmers Mfg. Co., Hydraulic 
Div 

B-I-F Industries, Inc.—Builders 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

DeZurik Corp. 

Golden-Anderson Valve Specialty Co. 

Kennedy Valve Mfg. Co. 

F. B. Leopold Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co. 

Pelton Div., 
ton 

Henry Pratt Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 
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Vol. 52. No. 2 


Allis-Chalmers Mfg. Co., Hydraulic 
Div 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

Golden-Anderson Valve Specialty Co 

Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co 

Pelton Div., Baldwin-Lima-Hamil- 
ton 

Henry Pratt Co. > 

A. P. Smith Mfg. Co. 7 

R. D. Wood Co. 


Valves, Regulating: 

Allis-Chalmers Mfg. Co., Hydraulic 
Div 

DeZurik Corp. 

Golden-Anderson Valve Specialty Co 

Mueller Co. 

Henry Pratt Co. 

Ross Valve Mfg. Co. 


Valves, Swing Check: 
Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 
Golden-Anderson Valve Specialty Co 
Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 
Mueller Co 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Venturi Tubes: 

B-I-F Industries, Inc.—Builders 

Simplex Valve & Meter Co. 

Waterproofing: 

Inertol Co., Inc 

Koppers Co., Inc. 

Plastics & Coal Chemicals Div., 
Allied Chemical Corp. 

Water Softening Plants; 
Softeners 


Water Supply Contractors: 
Layne & Bowler, Inc 


Water Testing Apparatus: 

LaMotte Chem. Products Co 

Wallace & Tiernan Inc 

Water Treatment Plants: 

American Well Works 

Chain Belt Co. 

Chicago Bridge & Iron Co. 

Dorr-Oliver Inc 

General Filter Co. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Pittsburgh-Des Moines Steel Co. 

Roberts Filter Mfg. Co.; 

Walker Process Equipment, Inc. 

Wallace & Tiernan Inc. 

Well Drilling Contractors: 

Layne & Bowler, Inc. 

Well Reconditioning 
Formation Testing: 

Halliburton Oil Well Cementing Co. 

Layne & Bowler, Inc. 

Wrenches, Ratchet: 

Dresser Mfg. Div. 

Zeolite: see 
Materials 


and 


lon Exchange 


A complete Buyers’ Guide to all water works products and 
services offered by AWWA Associate Members appears in the 
1959 AWWA Directory. 
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Coal-tar saturated felt 


Primer and approx. coal-tar enamel 


Approx. ¥%” spun coal-tar enamel lining 


A PRACTICAL 


FORMULA FOR 
LONG PIPE LIFE: 


STEEL PIPES 
IT BEST” 


Strong Steel + Coal-Tar Enamel 


The flow characteristics of steel water 
pipe with coal-tar enamel lining are 
well-known. Smoothest of all spun pipe 
linings, coal-tar enamel also gives long- 
term protection against tuberculation 
and incrustation, principal causes of re- 
duced flow capacity. 

And when the outside of your water 
line is completely covered with coal-tar 
enamel, moisture can’t reach the metal, 
so corrosion can't start. For coal-tar 


enamel has superior resistance to water 
penetration and absorption, and higher 
electrical resistivity underground. Utili- 
zation of the outstanding strength of 
steel pipe guarded by coal-tar enamel 
inside and out adds up to true water 
line durability. 

When you invest in a water line, it 
makes good economic sense to play 
safe—specify steel pipe, lined and coated 
with coal-tar enamel. 


“Wherever Water Flows— STEEL PIPES IT BEST” 


105 West. Madison Street 
Chicago 2, Illinois 


P&R 87 


Strong steel pipe 4; 
herever W ater Flows : pe 
: 
L Pg 
STEEL PLATE FABRICATORS 
ASSOCIATION 
> 


Why this “magnetic” meter 
is always easy to read 


In Rockwell Sealed Register 
meters a powerful magnetic 
coupling transmits every mo- 
tion of the measuring chamber 
directly to a hermetically 
sealed register. 

This construction permits 
the sealed register to be posi- 
tioned high and dry above the 
flowing stream. Condensation 
and dirt, the bane of the meter 
reader, just can’t occur. In 
fact, this meter will run under 
water without harm. 

The sealed register assem- 
bly contains all the gearing 
both for register operation and 


for intermediate reduction. 
Gears and pinions are of the 
free running instrument type. 
They offer only token resist- 
ance to the measuring element 
and so improve the accuracy 
and response of the meter espe- 
cially at low flows. 

All this, plus a simplified de- 
sign in which only two parts 
operate in water means less 
wear, less chance for corrosive 
attack and of course easier 
maintenance at lower cost. Get 
facts now. Write to Rockwell 
Manufacturing Company, 
Pittsburgh 8, Pa. 


SEALED REGISTER METERS 


ROCKWELL” 


POWERFUL MAGNETIC DRIVE 


Illustrating how the driver magnet 
(held in hand) revolves around a 
watertight compartment at base of 
register to push the follower mag- 
net, which in turn drives the regis- 
ter shaft. 
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Midland, Michigan... 


Doubles treatment ca pacity 


with Dorrco PeriFilter System 


Softening and filtration capacity has been more than doubled 
by recent additions to the water treatment facilities of the City 
of Midland, Michigan. Lake Huron water, entering the new 
East Side Water Treatment Plant, is fed toa Dorrco PeriFilter 
System consisting of two 55’ dia. x 18’9” s.w.d. Type W Dorrco 
Hydro-Treators each surrounded by an annular rapid sand 
filter. Each Hydro-Treator has a capacity of 340,000 gallons 
and a detention time of two hours at a normal rating of 4 mgd. 
The rapid sand filters are each rated at 4 mgd, providing a 
total softening and filtration capacity of 8 mgd. 

This modern installation is another example of the wide 
preference for Dorr-Oliver equipment. For information, write 
to Dorr-Oliver Incorporated, Stamford, Connecticut. 


Consu/ting Engineers. McNamee, Porter & Seeley, Ann Arbor, Mich 
Contractor. Birmingham Construction Co., Birmingham, Mich 
Dorrco, PeriFilter, Hydro-Treator T. M. Reg. U.S. Pat. Off. 


DORR-OLIVER 
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negligible 
maintenance and 
continued high 
carrying capacity 
with Transite Pipe.?? 


=F. A. Anderson and C. L. Johnson, 
Johnson & Anderson, lune., Pontiac, Mich. 


“First cost and economical operation make Johns-Manville’s Transite Pipe 
a practical long-term investment,” say Messrs. Johnson and Anderson, con- 


sulting engineers, pictured below. ‘Despite this economy its performance 
is superior in many ways. There’s no corrosion, negligible maintenance 
and continued high carrying capacity ... helping through the years to 
save in the operation of the system. These many economies make it easier 
for communities to build and expand their water systems.” 
Transite’s maintained carrying 
capacity keeps pumping costs low. 
Its strength, durability and corro- 
sion-resistance cut maintenance 
provide vears of trouble-free serv- 
ice. Further savings are effected by 
the sure coupling method that as- 
sures a tight seal at every joint. 
Add to this Transite’s natural inte- 
rior smoothness and vou see why it 
helps reduce community water sys- 
tem costs. Let us send vou “Facts 
and Data for Engineers” book. 
Write Johns-Manville, Box 14 
JA-2), New York 16, N. Y. 
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